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1 Introduction
In RAN1 #84bis meeting, the following agreements on UL Gap configuration were made [1]:
· For any NPUSCH transmission with duration greater than X ms, a final UL gap of duration Y is inserted at the end of the NPUSCH transmission 

In this contribution, we discuss issues on UL Gap configuration for NPRACH.
2 NPRACH UL Gap configuration
Prolonged continuous uplink transmission can lead to crystal frequency drift in NB-IoT terminals, it will affect the correct decoding rate for subsequent data transmission [2]. Thus, it was agreed to insert UL Gaps during long UL transmissions.
Currently RAN4 is discussion the parameter for gap configuration X, Y. Based on RAN1 agreement, the longest NPRACH transmission is around 1000ms. Therefore, for NPRACH, if the configured preamble transmission time is longer than X, a NPRACH UL gap of duration Y is needed at the end of the X . 
X can configured as X=A*B, wherein, A is the length of 4 NPRACH symbol groups; B is selected from NPRACH repetition set. For example, if B equals to 32,X is the length of NPRACH with repetition(R)=32, then NPRACH UL gap is only needed for the configuration of R=64 and R=128. NPRACH resource allocation scheme during a NPRACH period with configuration of X=32*A, R=64 is shown in Figure 1, where NPRACH opportunity is divided into two NPRACH parts with the length of X, and the guard time and NPRACH UL Gap is followed by each NPRACH part.
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Figure 1：NPRACH resource allocation scheme during a NPRACH period with configuration of  X=32*A , R=64
If B is not selected from NPRACH repetition set, for example, B is configured to 24, then X= 24*A, and UL gap configuration become more complex. In this case, NPRACH resource allocation scheme during a NPRACH period is shown in Figure 2, where NPRACH opportunity is divided into three NPRACH parts with the repetition times of  24,24,16 respectively. Because the length of part 3 is less than X, NPRACH UL Gap is not inserted after NPRACH Part3, thus there is not enough time for NB-IoT terminal to do frequency tracking. In this case , if length of Part 3 is close to X(as shown in Figure 2), impact on detection of RAR caused by frequency drift could happen.
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Figure 2： NPRACH resource allocation scheme during a NPRACH period with configuration of X=24* A, R=64
Proposal 1:For NPRACH, depending on RAN4 study results,  a UL gap maybe needed.  
3 DL transmission delay considering UL Gap

After NPRACH preamble transmission, NB-IoT terminals need to detect RAR. The starting time for NPDCCH scheduling RAR detection is subframe (n + k), where subframe n is the end of the NPRACH opportunity and k is configurable. When NPRACH UL gap is inserted during NPRACH period, as shown in Figure 3, subframe n is the end of the last NPRACH UL Gap.
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Figure 3：Timing relationship between NPRACH and NPDCCH scheduling RAR 
Proposal 2: The starting time for NPDCCH scheduling RAR detection is subframe (n + k), where subframe n is the end of the NPRACH opportunity. When NPRACH UL gap is inserted during NPRACH period, subframe n is at the end of the last NPRACH UL Gap.
In RAN1 #84bis meeting, the following agreements on DL transmission delay were made [1]
· The start of a DL transmission is >=3ms later than the end of any NPUSCH transmission for the same UE

If NPUSCH UL gap is inserted during NPUSCH transmission, "the end of any NPUSCH transmission" described in the above agreement shall refer to the end of NPUSCH UL Gap( if exists) at the end of NPUSCH transmission .
Proposal 3：The start of a DL transmission is >=3ms later than the end of any NPUSCH transmission for the same UE

· If NPUSCH UL Gap is inserted during NPUSCH transmission, "the end of any NPUSCH transmission" shall refer to the end of NPUSCH UL Gap( if exists) at the end of NPUSCH transmission .
4 Conclusions

In this contribution, we make the following proposal:
Proposal 1: For NPRACH, depending on RAN4 study results,  a UL gap maybe needed.  
Proposal 2: The starting time for NPDCCH scheduling RAR detection is subframe (n + k), where subframe n is the end of the NPRACH opportunity. When NPRACH UL gap is inserted during NPRACH period, subframe n is at the end of the last NPRACH UL Gap.
Proposal 3：The start of a DL transmission is >=3ms later than the end of any NPUSCH transmission for the same UE

· If NPUSCH UL Gap is inserted during NPUSCH transmission, "the end of any NPUSCH transmission" shall refer to the end of NPUSCH UL Gap( if exists) at the end of NPUSCH transmission .
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