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1 Introduction
In RAN #73, updated WID for Rel-14 NB-IoT was agreed, where 2 HARQ processes and larger maximum TBS are supported. In RAN 1 #86bis, the max TBS for UL and DL were agreed. The final TBS tables were agreed by email with reuse TBS table as Rel-13 with more entries. 
Agreement:

· Maximum DL TBS is 1352 bits

· Maximum UL TBS is 1800 bits

· The same values of N_SF and N_RU and I_TBS are used as in Rel-13

In RAN 1 # 86bis, there were some discussions on timing relationship for 2 HARQ processes, mainly focus on two way forwards [1][2].  In this paper, the timing relationship for uplink transmission are discussed for 2 HARQ processes. 
2 Timing relationship for NPUSCH
Two schemes were discussed in RAN 1 #86bis:

· Scheme A [1][3]: Keep Rel-13 Timing relationship per HARQ process without additional constrain (an example shown as Figure 1).
· Scheme B [2][4]: Either new timing relationship/new scheduling delay values set (shown as Figure 2), or reuse Rel-13 timing relationship per HARQ process with additional constraints to eNB scheduler: 
· >8ms gap between 2nd NPDCCH and the 1st NPUSCH transmission.

· >3ms gap between two NPUSCHs
· >3ms gap between 2nd NPUSCH transmission and ACK/NACK for 1st NPDSCH. 

Scheme A barely has impact on eNB scheduler reusing Rel-13 timing relationship per HARQ process. Compared with scheduling two NPUSCH for two UEs, eNB only needs to take care that two NPUSCHs are not overlapped. Rel-13 scheduling delay values {8, 16, 32, 64}ms can also be reused for most of case in normal coverage. It can be further studied if additional scheduling delay values needs to be introduced for coverage extension mode. 
Shown as Figure 1(a), a data rate of 116.7kbps can be provided with Rel-13 scheduling delay on non-anchor PRB. Another example illustrated as Figure 1(b) provide a data rate of 120kbps on anchor PRB. The data rate is higher with some invalid DL subframes which breaks NPDCCH search space. The penalty is sacrificing DL data rate.
In [2], it is not clear that if a new timing relationship or a new scheduling delay value set will be introduced, or reusing Rel-13 timing relationship as well as the scheduling delay value set with additional constrain for eNB scheduler. It doesn't make sense to define a new timing relationship by mixing 2 HARQ processes.  And it is hard to design a better scheduling value set for NPUSCH considering many difference cases (e.g., different #RU, one or two HARQ processes). A data rate of 91.5kbps can be achieved by the examples in Figure 3 for Scheme B on anchor and non-anchor PRBs assuming Rel-13 scheduling delay values with gaps.
In all the examples for both Scheme A and Scheme B, scheduling delay of 8ms and 16ms are used for 1st and 2nd NPUSCH. But for Scheme B, the first NPUSCH only transmit 5 subframes to give 3ms gap to the second NPUSCH. 
As discussed in [5], this no complexity increase to monitor NPDCCH till 2ms before NPDSCH transmission. Similarly, no impact is expected with 2ms for NPDCCH decoding and 4ms for NPUSCH preparing. Similar as analysis in [5], 3ms eNB processing time has already been considered in the example shown as Figure 1.
Observation #1: Scheme A can provide 25.2kbps ~ 28.5kbps higher data rate compared with Scheme B with Rel-13 timing relationship per HARQ processes. 
Observation #2: Much more impact on eNB scheduler is expected to support Scheme B.

Observation #3: UE can monitor 6ms before NPUSCH transmission without impact on UE complexity.

Based on the observations, we propose:
Proposal #1: Keep Rel-13 NB-IoT timing relationship for NPUSCH without additional constraint:
· The start of DL A/N transmission is >=3ms later than the end of the corresponding NPUSCH transmission

· The start of NPUSCH transmission is >=8ms later than the end of its associated NPDCCH transmission
Proposal #2: Reuse Rel-13 Scheduling delay of NPUSCH as {8, 16, 32, 64} ms and FFS if additional scheduling delays need to be introduced in coverage extension mode. 
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(a) Non-anchor PRB
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(b) Anchor PRB

Figure 1 Examples of a timing relationship to support 2 HARQ processes by reusing Rel-13 timing relationship for scheme A 

[image: image3.wmf]y

1

 

ms

y

2

 

ms

y

3

 

ms

NPDCCH

NPUSCH format 

1


Figure 2 Timing relationship for scheme B
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(c) Non-anchor PRB
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(d) Anchor PRB

Figure 3 Examples of a timing relationship to support 2 HARQ processes by reusing Rel-13 timing relationship for scheme B

In previous discussion, eNB is assumed to ensure no collision for uplink transmissions. Another alternative is, postpone the second scheduled NPUSCH to the end of first NPUSCH. Without new scheduling delays for NPUSCH, higher data rate is expected, e.g., 122kbps can be achieved by transmitting one more subframe for Scheme A on non-anchor PRB. In additional, it is also helpful for other general cases. It may also solve the issues for extended coverage. However, if postponed UL transmission is introduced, it may needs clarification for many cases, for example, collision between NPUSCH format 1/ 2, and NPDSCH. 
Observation #4: Postpone uplink transmission may improve UL peak data rate and support 2 HARQ processes in coverage extension without introducing more scheduling delay values for NPUSCH format 1.
Proposal #3: Further study on if postpone is introduced to handling potential collision caused by 2 HARQ processes.   

UL gap is introduced for overcome clock drift. If two NPUSCH transmission is supported, UL gaps needs to be ensure if 2 HARQ is supported in extended coverage mode (e.g., by more scheduling delay values or postpone second NPUSCH transmission). 
Proposal #4: UL gap needs to be ensured if 2 HARQ is supported in extended coverage mode. 
3 Conclusion

In this paper, we discussed the timing relationship for NPUSCH and potential collision handling for 2 HARQ processes. we observed:
Observation #1: Scheme A can provide 25.2kbps ~ 28.5kbps higher data rate compared with Scheme B with Rel-13 timing relationship per HARQ processes. 
Observation #2: Much more impact on eNB scheduler is expected to support Scheme B.

Observation #3: UE can monitor 6ms before NPUSCH transmission without impact on UE complexity.

Observation #4: Postpone uplink transmission may improve UL peak data rate and support 2 HARQ processes in coverage extension without introducing more scheduling delay values for NPUSCH format 1.
Based on the observation, we proposed:

Proposal #1: Keep Rel-13 NB-IoT timing relationship for NPUSCH without additional constraint:
· The start of DL A/N transmission is >=3ms later than the end of the corresponding NPUSCH transmission

· The start of NPUSCH transmission is >=8ms later than the end of its associated NPDCCH transmission
Proposal #2: Reuse Rel-13 Scheduling delay of NPUSCH as {8, 16, 32, 64} ms and FFS if additional scheduling delays need to be introduced in coverage extension mode. 
Proposal #3: Further study on if postpone is introduced to handling potential collision caused by 2 HARQ processes.   

Proposal #4: UL gap needs to be ensured if 2 HARQ is supported in extended coverage mode. 
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