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1 Introduction
In previous RAN1 meeting, the following agreements on UL transmission reference were made [1]:
· For 3.75kHz subcarrier spacing of uplink
· The 2ms NB-slot boundary is aligned with LTE subframe boundary. FFS among odd only or even only or to support both even/odd

For UCI transmission reference :

· Fixed baseline subcarrier, and

· 3.75kHz: 3 bits for frequency allocation, 1 bit for time allocation

· Starts from subcarrier 45, and offset grows negatively

· Offset values are  {0, -1, -2, -3, -4, -5, -6, -7} 

· Time offset is 0,1 x 8ms

· 15kHz: 2 bits for frequency allocation, 2 bit for time allocation

· Starts from subcarrier zero, and offset grows positively

· Offset values are  {0, 1, 2, 3} 

· Time offset is 0,1,2,3 x 2ms

· Repetition

· The predefined set of numbers of repetition for ACK/NACK resource unit is {1, 2, 4, 8, 16, 32, 64, 128} 
In this contribution, we discuss remaining issues on UCI transmission for NB-IoT.
2 Discussion
For UL 3.75kHz subcarrier transmission, it has been agreed that the 2ms NB-slot boundary shall be aligned with LTE subframe boundary. However, RAN1 has not clarified whether the slot is aligned with odd only or even only LTE subframe, or , without any  restriction. In fact, the alignment issue is not only for in-band deployment, it is also important for standalone and guardband deployment. With 2ms NB-slot length and current unit size of various multi-tone configuration, it is beneficial to restrict the alignment of 3.75kHz NB-slot to even subframe. This will reduce the fragmentation of UL resources and create more opportunity for multi-tone allocation. Therefore , we have the following proposal:
Proposal 1:
· For 3.75kHz subcarrier spacing of uplink

· The 2ms NB-slot boundary is aligned with even LTE subframe boundary. 
Regarding UCI transmission reference, during the online discussion of RAN1 #84bis and the following email discussion [1], the following two alternatives were discussed:
· Alt 1: Baseline time point for time domain allocation

· A/N transmission is relative to the first time reference point which is at least 12 ms later than the end of NPDSCH 

· The period of the time reference point is fixed to [16]ms. 

· The start of the period is from (SFN#0, subframe#0)

· Alt 2: A/N transmission delay is relative to the end of the corresponding NPDSCH transmission plus 12ms
As is shown in the figures below, the main rational for Alt 1 is the A/N fragmentation that Alt 2 could create. For alternative 1, fragmentation will not occur as A/N transmissions are aligned to the start of periodicity, therefore allowing better time-domain alignment of the resources.
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Figure 1 Example for Alt 1 and Alt 2

Considering the length of A/N transmission, it is important to reduce the fragmentation through this alignment. This is to avoid the scenario that certain subcarriers are persistently not available when eNB schedules the transmission. If there is no restriction on the time-domain resource allocation for A/N transmission, then such scenario would be practically inevitable. This will cause significant reduction in the opportunities for the eNB to schedule NPUSCH to UEs in good coverage with 12 subcarriers, which is very important in consideration of UE battery life.
The primary “concern” expressed by some companies for Alt 1 is the extra latency that the periodicity may introduce. However, this concern is overblown. First and most important of all, the bottleneck of latency in overall transmission loop is not in the UCI part. Because of the TDM characteristics of DL transmission, most part of the delay happens with DL transmission when one UE’s NPDSCH blocks the transmission of other UE. It should be noted that with repetition of NPDSCH the delay introduced from DL transmission is not at the same scale therefore 2~3 microsecond delay (or even less) caused by the alignment of periodicity is virtually negligible. The most important issue is to avoid the subcarrier blocking caused by fragmentation of single carrier A/N transmission so the eNB can allocate 12-subcarrier data transmission for UEs in good geometry.

Another important factor in affecting the A/N latency is the collision between A/N transmission and NPRACH opportunity. As has been discussed in the companion paper, it is desirable to postpone the transmission of A/N in this situation. Considering that the resources NPRACH occupy, it can be expected the delay introduced by this postpone behaviour will  be longer than the previous A/N periodicity delay .
As has been raised during the discussion, for the 3.75 kHz subcarrier spacing option for A/N feedback, it could be expected that the DL transmissions to these UEs would be transmitted using larger number of repetitions/larger RU sizes. Therefore in anyway, the timing may be already automatically aligned to at least 2 ms or 4 ms durations (starting from SFN #0, subframe #0) in many cases. 

Based on the above discussion we have the following proposal:

Proposal 2:
· Baseline time point for time domain allocation of A/N transmission: 

· A/N transmission is relative to the first time reference point which is at least 12 ms later than the end of NPDSCH 

· The period of the time reference point is fixed to X  ms. 

· X = {8, FFS other value} 

· The start of the period is from (SFN#0, subframe#0).
3 Conclusions

In this contribution, baseline time point of UCI transmission has been discussed. We make the following proposals:
Proposal 1:
· For 3.75kHz subcarrier spacing of uplink

· The 2ms NB-slot boundary is aligned with even LTE subframe boundary. 
Proposal 2:
· Baseline time point for time domain allocation of A/N transmission: 

· A/N transmission is relative to the first time reference point which is at least 12 ms later than the end of NPDSCH 

·  The period of the time reference point is fixed to X ms. 

· X = {8, FFS other value} 

· The start of the period is from (SFN#0, subframe#0).
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