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1 Introduction

According to the approved SI on NR to support non-terrestrial network (NTN) [1], following aspects from RAN1 perspective will be studied:
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)

· Uplink Timing advance/RACH procedure including PRACH sequence/format/message

· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

In this contribution, potential issues for the UL scheduling in NTN, e.g., Msg3 and grant-based UL, are elaborated with consideration of larger RTT.
2 Discussion on the potential issues for UL scheduling
In NR, PUSCH transmission can be scheduled by UL grant in RAR and DCI, where a time interval is defined between the reception of scheduling information and scheduled transmission. In general, the minimum time interval is configured with consideration of the UE capability on grant processing, UL preparation as well as TA influenced at least for DCI-based UL scheduling. 

However, in the NTN, for the worst case shown in typical examples mentioned in [2], the RTT will be up to 41.75 ms and 541.14 ms for LEO with altitude equating to 1200 km and GEO, respectively. For achieving the timing alignment between the UL/DL frames defined in [3], larger TA comparing to the terrestrial network will be required. In this case, based on current design, significant timing misalignment at least for following UL scheduling can be expected:
· Msg-3 scheduled by RAR 
As defined in [4], the transmission of Msg3 will be conducted at slot
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 is the slot UE receives RAR.
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is a parameter determined by CP format (normal or extended), SCS and row index (PUSCH time resource allocation in RAR) according to Table 6.1.2.1.1-2 and Table 6.1.2.1.1-3 given in [5]. Moreover, 
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 is an offset introduced for Msg3 transmission in RACH, which is also related to numerology. Based on current protocol, the maximum interval between RAR reception and Msg3 transmission for different numerologies is given in Table 1.

Table 1 Maximum time interval between RAR and Msg3

	µPUSCH
	maximum duration(slots)
	maximum duration(ms)

	0
	6
	6

	1
	7
	3.5

	2
	9
	2.25

	3
	12
	1.5


It can be found that the maximum time interval between RAR and Msg3 is 6 ms, which is smaller than TA to be adjusted in NTN (at maximum hundreds of microseconds). In this case, the scheduling on Msg-3 will be failed as illustrated in Figure 1, since with adjustment of TA, the timing for the transmission of Msg-3 is even earlier than the reception of RAR.
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Figure 1 Illustration of the scheduling of Msg3 via RAR 

· PUSCH scheduled by DCI
In existing specification, the transmission of PUSCH should fulfill with the corresponding requirement on PUSCH preparation, i.e., the first uplink symbol should not be transmitted early than the L2 after the end of the reception of the last symbol of DCI with corresponding grant with consideration of scheduling offset k2, allocated start of PUSCH as well as effect of timing advanced. The detailed definition of L2 can be found [5]. Similar as the Msg-3 scheduling, failed UL transmission will always occur since the maximum supported k2 value is only 32 slot (corresponding to 32ms in case of SCS = 15 KHz). 
Observation 1: UL scheduling error will occur due to the limited supported value of k2. 
In order to resolving the issue above, extension of corresponding interval for scheduling should be expected for NTN. A straightforward way would be to increase the value range of k2. However considering the required value will be up to hundreds of microseconds, potential methods to reduce the required overhead for signaling.
Proposal 1: Extension of the scheduling time interval for uplink transmission should be considered for NTN with potential consideration on signaling overhead reduction

3 Conclusion

In this contribution, the potential issues on the overall UL scheduling are discussed for both Msg3 and grant-based PUSCH with consideration of large RTT in NTN. Corresponding observation and proposal are listed as follow:
Observation 1: UL scheduling error will occur due to the limited supported value of k2.

Proposal 1: Extension of the scheduling time interval for uplink transmission should be considered for NTN with potential consideration on signaling overhead reduction
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