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1. Introduction

In RAN1#ad-hoc meeting, followings are agreed for UL transmission [1]:

	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

· Allow one TB scheduled over more than one resource units in time
· 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. 

· When single-tone is allocated, Pi/4-QPSK and Pi/2-BPSK are supported
· FFS: How rotation is realized

· FFS: Phase rotation for RS(s)

· When multi-tone is allocated, QPSK is supported
· FFS: TPSK, 8-BPSK
· Periodic CSI and dedicated SR is not supported in Rel-13 NB-IoT
· Transmission of ACK and/or NACK corresponding to NB-PDSCH is supported
· Both 3.75 and 15 kHz subcarrier spacing are supported in transmission of ACK and/or NACK
· FFS for the piggy back of SR


In this contribution, we discuss further details regarding uplink transmissions other than data transmission. 
2. Discussion

2.1. 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 1: Semi-static configuration of the number of tones used in PUSCH transmission is assumed. 

2.2. 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 2: Data is mapped in one resource unit first following legacy principle and then map to another 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. 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 3: 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 4: Utilize PUSCH structure to transmit A/N bit with possibly different DM-RS density and uplink resource unit size. 
In terms of UCI piggybacking, it may be dependent on how A/N resource is scheduled. In terms of A/N resource scheduling, the following approaches can be considered. 

(1) In every downlink scheduling DCI, additional A/N resource allocation (e.g., time and frequency location of A/N transmission, the number of required repetition) can be indicated. In this case, A/N will be transmitted according to the indicated resource. To minimize the overhead, some information may be skipped such as frequency location or the repetition number. This will increase the size of one DCI which will also affect the size of UL grant. 

(2) Separate from downlink scheduling DCI, additional DCI is used to schedule A/N resource. If this approach is used, multiplexing of two NB-PDCCHs at the same time is essential to allow a UE to receive both DCIs at the same time. Otherwise, it will delay the A/N transmission time. The additional DCI can carry the necessary scheduling information for A/N transmission. 

(3) UL grant is used to schedule A/N transmission. In case a UE has no data to transmit, the assigned TB size would be 1. If this approach is used, A/N bit may be jointly encoded with data and transmitted by utilizing the same NB-PUSCH structure.

(4) Implicit determination from CCE index or timing of NB-PDSCH transmission or based on UE ID: to minimize the overhead of DCI, one approach is to implicitly determine the resource of A/N transmission. If this is used, some resources may be reserved for A/N transmission similar to legacy LTE system. One example is to allocate one or two subcarriers for A/N transmission.

To minimize the overhead, we consider Option (1) or (4) is further considered. A hybrid approach of (1) and (4) can be considered where resource is determined implicitly with information carried in downlink scheduling DCI. For example, DCI may carry “offset” of starting time for A/N transmission which will be used to determine the starting time of A/N transmission. 

Proposal 5: At least partially, consider implicit A/N resource determination based on transmission timing of NB-PDSCH or UE ID.  
When Option (1), (2) or (4) is used, it becomes challenging to align starting subframe and end subframe of A/N transmission and NB-PUSCH transmission. It is possible that A/N transmission may occur during NB-PUSCH repetition or A/N transmission may start earlier than NB-PUSCH repetition (or vice versa). As it becomes complicated to handle such partial overlap cases between A/N and NB-PUSCH transmission, A/N piggybacking on NB-PUSCH may not be supported in all cases for the simplicity. Instead, earlier transmission may be prioritized and the latter scheduled transmission can start only after the earlier transmission finishes. 
Proposal 6: Unless A/N transmission is always scheduled with UL grant, A/N piggybacking on NB-PUSCH is not supported. 
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: Semi-static configuration of the number of tones used in PUSCH transmission is assumed. 

Proposal 2: Data is mapped in one resource unit first following legacy principle and then map to another resource unit first in frequency and then time. 

Proposal 3: CDM among multiple A/N transmissions from multiple UEs is not supported in Rel-13. 

Proposal 4: Utilize PUSCH structure to transmit A/N bit with possibly different DM-RS density and uplink resource unit size. 
Proposal 5: At least partially, consider implicit A/N resource determination based on transmission timing of NB-PDSCH or UE ID.  
Proposal 6: Unless A/N transmission is always scheduled with UL grant, A/N piggybacking on NB-PUSCH is not supported. 
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