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1. Introduction

In RAN1#83 meeting, followings are agreed for UL transmission [1]:

	Agreement: 

· Proposal for NB-IoT UL

· 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

· Additional mechanisms for PAPR reduction FFS

· The UE shall indicate the support of Single-tone and/or Multi-tone

· Details to be discussed by WGs


In this contribution, we discuss overall uplink transmissions including definition of resource unit and TTI. Also, it discusses resource mapping in case of TTI is expanded beyond more than one resource unit. 
2. Discussion

2.1. Uplink Resource Unit
As agreed, when single tone transmission is used, the number of bits transmittable in legacy TTI length (1msec) is very limited. Moreover, considering PAPR issue, if BPSK or pi/2 BPSK is used in single tone transmission, further restriction of bit size is expected. Moreover, if DM-RS in 1msec (based on legacy pattern) with single tone is very short. Thus, overall, increasing the size of resource in time (e.g., k msec) seems necessary. This can be called as one uplink resource unit. For a single tone case, one uplink resource unit can consist of single tone in k msec. To be able to transmit reasonable TBS (e.g., minimum payload of Msg 3 transmission), one resource unit can include at least about 168 REs using BPSK and 84 REs using QPSK assuming minimum size of 56 bits.  The size of k can be dependent on the number of DM-RS symbols in 1msec. Assuming 2 OFDM symbols in 14 OFDM symbols are used for DM-RS, k can be about 16 using BPSK and 8 using QPSK. However as discussed in our companion contribution [PUSCH], data mapping to allow symbol combining could be beneficial particularly in deep coverage case. Moreover, it could reduce PAPR by repeating the same data continuously. In that case, if we assume p repetition is used for symbol combining, one resource unit can be multiple of p (i.e., k * p). This may be used only in case of BPSK is used or deep coverage case. 
When more than one tone/subcarrier is used for uplink transmission, the size of k can be adapted to include the same number of REs to carry the minimum TBS. 

Proposal 1: A resource unit consists of REs in m subcarrier within k msec. In case of BPSK is used in single tone, k = 16. Otherwise, k = 8. For other values of m (i.e., m = 4, 8, 12), the value k can be (2, 1, 1). 
One example of resource unit depending on the number of tones (e.g., 1 and 2) is illustrated in Figure 1. 
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Figure 1. Illustration of Resource Unit 
2.2. Schedule over multiple resource unit

In case larger TBS needs to be supported in uplink transmission, it is necessary to schedule more than one resource unit particularly in single tone case. In terms of scheduling more resource units, both frequency and time can be considered. However, scheduling more resource units in frequency domain may not be easily feasible as it may increase PAPR with multiple tone transmission. Moreover, it becomes challenging when 3.75 kHz subcarrier spacing is configured which requires change of subcarrier spacing when multi-tone transmission is used. Thus, it could be natural to schedule multiple resource units in time domain. As TTI indicates one time interval where one TB can be scheduled, expanding TTI over multiple resource units in time domain can have the following approaches. 
· Alt 1. Fix the size of TTI. The TTI size can be determined based on the largest TBS. For example, if TBS is 1000 bits, using single tone with BPSK, about 300 msec may be necessary. The drawback of Alt 1 would be the constant TTI size regardless of TBS. When small TBS is transmitted with repetition, repetition can occur over multiple TTIs which would lead longer time to finish the repetition. The fixed TTI can be configured semi-statically or predetermined. 
· Alt 2. Variable size of TTI. Another approach is to indicate TTI size in UL grant or implicitly determined by TBS. In other words, TTI can be adapted based on the amount of data transmitted. The drawback of Alt 2 is the scheduling complexity. 

When PUSCH is scheduled via UL grant, Alt 2 can be considered. For SPS PUSCH or uplink transmission for A/N corresponding to PDSCH, Alt 1 can be considered. 

2.3. Schedule of single vs multiple tone

Even though the subcarrier spacing is 15 kHz in single tone, single tone transmission is generally expected in coverage limited case because of its low PAPR compared to multiple tone. Thus, we do not see necessity of dynamically configure the number of tones at least between single and multiple tones as coverage may not change so dynamically. Thus, it is proposed to consider semi-static configuration of number of tones at least between single and multiple tones. In case of multiple tones, it can be flexible depending on the resource availability. Thus, when a UE is configured with multiple tones, the number of tones can be dynamically indicated. However, as it adds DCI overhead, this feature will be adopted only if significant benefits are demonstrated. Otherwise, we propose to semi-statically configure the number of tones used by a UE in uplink transmission. 
Proposal 2: Semi-static configuration of the number of tones used in PUSCH transmission is assumed. 

2.4. Data mapping

In case a UE can be scheduled with multiple uplink resource units, data mapping within a resource unit is proposed to follow legacy principle to utilize time-diversity (i.e. time first and frequency second). Across multiple resource units, it’s proposed to map data first in frequency and then in time to minimize the latency data reception. If data is mapped in time first, the eNB needs to read all resource units in time to be able to process data. On the other hand, if data is mapped in frequency first across resource units, the eNB can start processing of data once it receives one resource unit. Thus, we propose different resource mapping within and across uplink resource units. 
Proposal 3: Data is mapped in one resource unit first following legacy principle and then map to anther resource unit first in frequency and then time. 
3. UCI transmission
In eMTC, depending on coverage mode, CSI feedback can be supported. Also, SR transmission and A/N transmission are supported in eMTC. As NB-IoT is delay tolerant and traffic inter-arrival time is rather large, supporting periodic CSI feedback and SR seems not necessary. Particularly, CSI feedback may not be so accurate in deep coverage case and it consumes huge UE battery consumption. Thus, at least periodic CSI feedback and SR via PUCCH are not proposed to be transmitted. In terms of SR transmission, PRACH can be used to trigger SR instead. 
Overall, for UCI transmission, the following cases need to be addressed. 

· Aperiodic CSI piggyback on PUSCH if aperiodic CSI is supported

· A/N piggyback on PUSCH

· A/N transmission without the associated data
To support A/N transmission without the associated data, overall two approaches can be considered. One is to use PUSCH structure where 1 bit would be transmitted if there is no associated data in A/N transmission. If the frequency of A/N transmission is not significant, this approach is considerable as it offers low UE complexity, and specification impact. The other approach is to introduce a new channel. When a new channel is considered, the requirements on the new channel need to be clarified. First question is whether to allow CDM among UEs similar to PUCCH structure in LTE. Though it would depend on the downlink transmission design and timing, at least in a single NB-IoT carrier, the probability of multiple UEs transmitting A/N at the same time is low. On the other hand, multiplexing in CDM manner among UEs would require efficient power control, DM-RS design and data scrambling. In that sense, we propose not to consider CDM among UEs even a new channel will be designed for A/N transmission. 
Proposal 4: CDM among multiple A/N transmissions from multiple UEs is not supported in Rel-13. 

If a new channel is introduced, one simple approach could be to reuse PUSCH structure with different DM-RS density. As A/N bit size is very small (e.g., 1 bit), it may also require reducing the uplink resource unit size for A/N transmission. 
Proposal 5: Utilize PUSCH structure to transmit A/N bit with possibly different DM-RS density and uplink resource unit size. 

4. Conclusion

We discussed uplink transmission related issues such as resource unit definition, TTI expansion and A/N transmission. The followings are the proposals.
Proposal 1: A resource unit consists of REs in m subcarrier within k msec. In case of BPSK is used in single tone, k = 16. Otherwise, k = 8. For other values of m (i.e., m = 4, 8, 12), the value k can be (2, 1, 1). 

Proposal 2: Semi-static configuration of the number of tones used in PUSCH transmission is assumed. 

Proposal 3: Data is mapped in one resource unit first following legacy principle and then map to anther resource unit first in frequency and then time. 

Proposal 4: CDM among multiple A/N transmissions from multiple UEs is not supported in Rel-13. 

Proposal 5: Utilize PUSCH structure to transmit A/N bit with possibly different DM-RS density and uplink resource unit size. 
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