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1 Introduction
In Rel-13 NB-IoT discussions, it has been agreed that :
· When PRACH resource and PUSCH collide, PUSCH is postponed
However, further clarification is needed for details of the postpone. In this document, we discuss all the remaining issues about collision of NPUSCH and NPRACH.
2 Discussions
When collision happens between NPRACH resources and NPUSCH transmission, it has been agreed that NPUSCH transmission will be postponed. Some examples are shown below.
· Case 1 :3.75kHz  single tone NPUSCH 
Single tone 3.75kHz NPUSCH transmission takes one RU (16 NB-slot 32ms). The NPRACH period is 80ms and CP length is 266.7us. There are two NPRACH repetition so the total NPRACH opportunity length is 12.8ms.
Since the whole RU may be as long as 32ms so it could waste significant UL resources if the whole RU is postponed. Therefore, it is proposed that only the slots that collide with NPRACH resource be postponed.   
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Figure 1: NPUSCH and NPRACH collision Case 1
As shown in figure 1, the collision happens during slot 13. However , since it is impossible to separate the slot, the postpone should start from the beginning of slot 13 (as shown in figure 3).
· Case 2: 15kHz  single tone NPUSCH

The case below shows NPUSCH single tone 15khz transmission with one RU (8ms). The NPRACH period is 80ms and CP length is 266.7us. There are two NPRACH repetition so the total NPRACH opportunity is 12.8ms.

[image: image2.emf]NPRACH period = 80ms

PRACH

01 3 2

NPUSCH(1RU=8ms)

45 7 6

80ms

26ms

32ms

NPRACH 

opportunity=12.8ms


Figure 2: NPUSCH and NPRACH collision Case 2
Naturally, it is proposed that only the subframes that collide with NPRACH resource should be postponed.
Proposal 1:  When NPUSCH collide with NPRACH resource, only the slots/subframes that actually collide with NPRACH resource are postponed.
The second issues is where is the position that the postponed slot/subframe starting to transmit. Naturally , it should be the first slot or subframe that is not colliding with the existing NPRACH resource region.
However, it is worthwhile to clarify that whether it is the first slot , or it is the first subframe. For single tone 3.75khz transmission(case 1) , two alternatives are shown in figure 3 and figure 4, corresponding to the first non-colliding subframe or the first non-colliding slot respectively. Considering there is no restriction for the starting slot, we propose the postponed position is the first non-colliding subframe, as shown in Figure 3. 
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Figure 3: Postpone option 1 for case 1
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Figure 4: Postpone option 2 for case 1

For single tone 15Khz and multi-tone transmission , the position should be the first non-colliding subframe , as shown in Figure 5.
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Figure 5: Postpone option for case 2
Proposal 2:  When NPRACH resource and NPUSCH collide, NPUSCH postponed position is the first non-colliding subframe. 
The last issue is the impact on the UL gap for NPUSCH. Currently, for every 256ms NPUSCH transmission , a 40ms UL gap is inserted. If the collision between NPUSCH and NPRACH resource happens before the end of this 256ms transmission, the postpone counter for the 256ms should restart, as UE will have ample time to finish the re-synchronization and other operations if needed during the postpone operation. This behavior is also aligned with the current specs.
Proposal 3:  The UL gap counter for NPUSCH will restart if NPUSCH is postponed as the result of NPUSCH collision with NPRACH resource.
3 Conclusions
In this contribution, we have discussed the remaining issues about collision of NPUSCH and NPRACH.  We have the following proposal:
Proposal 1:  When NPUSCH collide with NPRACH resource, only the slots/subframes that actually collide with NPRACH resource are postponed.
Proposal 2:  When NPRACH resource and NPUSCH collide, NPUSCH postponed position is the first non-colliding subframe. 
Proposal 3:  The UL gap counter for NPUSCH will restart if NPUSCH is postponed as the result of NPUSCH collision with NPRACH resource.
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