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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
This contribution discusses and makes proposals on the following open issues relating to NB-PUSCH:
· Maximum transport block size
· Phase rotation rules applied for pi/2 BPSK and pi/4 QPSK.
· Modulation applied to DM-RS sequences.
· Channel coding for NB-PUSCH
· NB-PUSCH data mapping
2. Discussion
Maximum Transport Block Size
In RAN1#84, the following working assumption was made:
Working Assumption:  
· Maximum UL TBS supported for NB-IoT is not greater than 1000 bits (exact value FFS)

In the GERAN study [1], the MAR periodic reporting traffic model supports an application layer packet size of up to 200 bytes. Once headers have been applied, the application layer packet size could be up to 265 bytes (2120 bits). Hence if the maximum UL TBS size is 1000 bits, a MAR periodic report will have to be segmented. Segmentation incurs overhead (MAC headers and CRC), hence minimising the required amount of segmentation is desirable.
It is discussed in [2] that, for an HD-FDD UE transmitting for a long time in the UL, the frequency of the UE’s transmission can drift beyond the tolerance of the eNodeB, since the HD-FDD is unable to estimate its frequency error while transmitting in the UL. Some possible solutions to this issue are:
Option 1: The maximum UL TBS size is restricted to a value that the length of NB-IoT UL transmissions is restricted. Large application layer packets are segmented.
Option 2: Insert transmission gaps in UL transmissions.
[2] showed that, for low cost crystal oscillators, the frequency error could be kept within ± 0.1ppm for no longer than 200ms. Assuming a minimum UL data rate of 300bps [6], the maximum UL TBS size should be (300bps * 200ms = 60 bits) without exceeding the freqeuncy tolerance of the eNodeB. Hence, the segmentation approach of option 1 would require the largest MAR periodic reports to be segmented into approximately 2120 / 60 = 35 segments: this does not seem to be reasonable. Hence option 2 is preferred.  
For option 2 (Figure 1), it is estimated that UL transmission gaps of the order of 10ms are required. The overhead of these transmission gaps is thus low (of the order of 5%). The transmission gaps can also be used for early termination signalling to the UE, or to schedule other UEs. Early termination signalling will significantly improve UE battery life. The overall time duration of an UL transmission with transmission gaps is likely to be lower than without transmission gaps, since the eNodeB demodulation performance should be superior when the UE frequency error is lower, leading to a lower number of repetitions being required.
  


[bookmark: _Ref445824071]Figure 1 – UL transmission gaps inserted into long UL transmissions
Hence it is proposed that:
Proposal 1: The maximum UL TBS supported for NB-IoT is approximately 1000 bits and UL transmission gaps are inserted.  
Phase Rotation
The email discussion [84-11] has considered aspects of phase rotation.
To allow the phase rotation rules to be applied consistently across data-bearing REs and DMRS, the modulation order applied to the data-bearing REs should be the same as that applied to the DMRS. In terms of the base sequence applied to the DMRS, a simple approach is that the same base bit-sequence generator is applied for both BPSK DMRS and QPSK DMRS. Hence we support the following proposals:
Proposal 2: For DMRS for NB-IoT:
· pi/2-BPSK constellation is used for DM-RS sequence for pi/2-BPSK data symbols
· pi/4-QPSK constellation is used for DM-RS sequences for pi/4-QPSK data symbols
· Same base sequences are targeted to be used for both BPSK DM-RS sequence and QPSK DM-RS sequence
When a UE’s NB-PUSCH transmission extends across multiple LTE subframes, it is preferable for the phase rotation rule to be maintained. If this rule were not to be maintained, there would be increased phase discontinuity at subframe boundaries which could distort received signals at the subframe boundaries, depending on UE PA implementation. While this distortion affects only a small number of symbols, and may only apply to the pi/4-QPSK constellation, it can be easily avoided by maintaining the phase rotation across subframe boundaries.
The UE NB-PUSCH transmission can be interrupted due to invalid uplink subframes or other transmissions, such as SRS. In this case, a rule needs to be defined for the phase rotation to be applied after the interrupted transmission. Options include:
· Option 1: The phase rotation is reset to the initial phase rotation after the interruption.
· Option 2: The phase rotation “timer” is stopped during the interruption and re-started after the interruption (i.e. phase rotation is not applied to punctured symbols or invalid subframes).
· Option 3: The phase rotation “timer” runs during the interruption (i.e. phase rotation is applied to punctured symbols or invalid subframes).
All of these options are workable. The phase rotation applied after an interruption does not affect the PAPR. Hence the choice of which phase rotation rule to apply should be primarily influenced by considerations of simplicity and specification impact. We have a slight preference for option 3 since it has fewer specification impacts and simplifies UE operation in cases where the UE itself is required to transmit another channel or signal (such as SRS) during the interruption. 
Based on the considerations above, it is proposed that the phase rotation that is applied to UE UL transmissions is a simple function of the symbol number from the start of the UE’s UL transmission.

Proposal 3: The phase rotation applied to the ith symbol transmitted by the UE since the start of an allocated UL transmission is 
An eNodeB implementation may implement symbol combining in order to simplify repetition decoding of the NB-PUSCH in extreme coverage situations. If the phase rotation rule is maintained across subframe boundaries, the phase rotation applied to symbol ‘k’ in subframe ‘n+1’ will be different to the phase rotation applied to that symbol in subframe ‘n’. This however does not preclude symbol combining since a simple rotation of FFT output symbols can be applied before symbol combining. Hence the above proposal is consistent with the support of symbol combining.
Channel Coding
In [4], it was considered that supporting TBCC on NB-PUSCH would be advantageous from the perspective of D2D operation (which might be useful for example in the case that a wearable connects to a smartphone via NB-IoT or that a utility meter in extreme coverage is relayed by another utility meter in better coverage). Support of TBCC (as opposed to Turbo coding) would decrease UE complexity, if the D2D NB-IoT UE were required to decode the D2D transmission.
If significant segmentation were required for NB-PUSCH transmissions, to the extent that the segment size were of the order of 60 bits (to allow for frequency error correction: see the discussion above), TBCC decoder performance would be superior to Turbo decoder performance ([2] showed that TBCC performance is better than Turbo performance for transport block size of less than 130 bits). However if transmission gaps are inserted into UL transmissions (for the purposes of frequency error correction), larger transport block sizes (e.g. up to 1000 bits) can be supported and Turbo decoder performance will be superior. 
Given our preference for the support of approximately 1000 bit TBS sizes, it is more battery efficient for the UE if Turbo coding is supported in the NB-IoT UL. A future D2D option for NB-IoT can consider support for TBCC in addition to Turbo for NB-IoT.
Proposal 4: Turbo coding is supported for NB-PUSCH.
PUSCH data mapping
The resource mapping of data to NB-PUSCH needs to be defined in NB-IoT. The resource mapping rules for LTE PUSCH seem to be equally applicable. Hence to maintain commonality between the NB-IoT and the main LTE specifications and to simplify standardisation, it is proposed to apply the LTE resource mapping rule: data is mapped first in frequency and then in time. 
Proposal 5: NB-PUSCH data is mapped first in frequency and then in time.
In NB-IoT, one transport block can be mapped over multiple resource units (i.e. multiple subframes). In this case, data can be mapped within a resource unit first and then across resource units. When the transport block is repeated and each repetition is transmitted across multiple resource units, symbol combining at the eNodeB is enabled by first repeating a resource unit and by then repeating subsequent resource units (this is a similar mode of operation to that proposed for the DL in [3]). Early termination of eNodeB decoding can be enabled by, within a repetition cycle, limiting the number of repetitions of each resource unit before the next resource unit is repeated: in the manner shown in Figure 1 (the figure shows repetition of two consecutive resource units, but larger numbers of consecutive repetitions could be considered to allow for greater amount of symbol combining). A similar mode of operation is proposed for NB-PDSCH in [5].
Proposal 6: When NB-PUSCH is mapped across multiple resource units, it is mapped within a resource unit first and then across resource units.
Proposal 7: When repetition is applied, within a repetition cycle, each resource unit is repeated a number of times before the next resource unit is repeated.
Note that if gaps are inserted in the UL transmissions, for the purposes of frequency error correction at the UE, and the eNodeB is able to terminate decoding of UL transmissions early, according to Figure 2, the eNodeB can send early termination signalling to the UE during the UL transmission gaps, leading to a significant saving in UE battery resources.
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[bookmark: _Ref442373609]Figure 2 – Repetition of resource units when transport blocks are mapped to multiple resource units
3. Conclusion
In this contribution some open issues on NB-PUSCH were discussed and the following proposals were made:
Proposal 1: The maximum UL TBS supported for NB-IoT is approximately 1000 bits and UL transmission gaps are inserted.
Proposal 2: For DMRS for NB-IoT:
· pi/2-BPSK constellation is used for DM-RS sequence for pi/2-BPSK data symbols
· pi/4-QPSK constellation is used for DM-RS sequences for pi/4-QPSK data symbols
· Same base sequences are targeted to be used for both BPSK DM-RS sequence and QPSK DM-RS sequence

Proposal 3: The phase rotation applied to the ith symbol transmitted by the UE since the start of an allocated UL transmission is 
Proposal 4: Turbo coding is supported for NB-PUSCH.
Proposal 5: NB-PUSCH data is mapped first in frequency and then in time.
Proposal 6: When NB-PUSCH is mapped across multiple resource units, it is mapped within a resource unit first and then across resource units.
Proposal 7: When repetition is applied, within a repetition cycle, each resource unit is repeated a number of times before the next resource unit is repeated.
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