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Introduction
RAN2 sent an LS on HARQ enhancements [1]. In the LS, four questions about the scheduling restrictions for both uplink data transmissions and downlink data transmissions in IoT NTN are raised. 
In this contribution, we discuss the topics about the scheduling restrictions in IoT NTN. 
Discussion
For uplink HARQ operations, two HARQ modes are introduced in RAN2 for IoT NTN. In uplink HARQ mode A, UE does not expect to receive PDCCH for the given HARQ process before UE-eNB RTT has passed since PUSCH transmission. This mode is similar to the legacy uplink HARQ operation. In uplink HARQ mode B, UE can expect to receive PDCCH for the given HARQ process within UE-eNB RTT. This mode can be considered as the counterpart of downlink HARQ process with HARQ feedback disabled. 
The first question in RAN2’s LS is as follows:
	Question 1a: For an UL HARQ process with HARQ mode B for NB-IoT UEs, what is the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process?  



	TS 36.213 Section 16.6:

If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
- and if the UE has a NPUSCH transmission ending in subframe n,
- the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3] for FDD; and
- the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3;



According to the above context in Section 16.6 of [2], it is clear that for the case of two HARQ processes, a minimum gap of 3 ms is applied between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process. Hence, we think this 3 ms minimum gap is appliable to the uplink HARQ mode B.
Proposal 1: For an uplink HARQ process with HARQ mode B for NB-IoT UEs, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process is 3 ms.

The second question in RAN2’s LS is as follows:
	Question 1b: For an UL HARQ process with HARQ mode B for eMTC UEs, what is the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process?



	TS 36.213 Section 9.1.5:

[bookmark: _Hlk86623247]If the UE has initiated a PUSCH transmission using preconfigured uplink resource ending in subframe n, the UE shall monitor the MPDCCH UE-specific search space in a search space window starting in subframe n+4+Kmac with duration given by higher layer parameter pur-MPDCCH-SS-window-duration where  is provided by higher layer parameter K-mac, otherwise . Upon detection of a MPDCCH with DCI format 6-0A/6-0B with CRC scrambled by PUR-RNTI intended for the UE within the search space window and the corresponding DCI is for PUR ACK/fallback indication (as defined in [4]), the UE is not required to monitor the MPDCCH UE-specific search space for the remaining search space window duration.



According to the above context in Section 16.6 of [2], for Preconfigured Uplink Resource (PUR), the minimun time between the end of PUSCH transmission and the start of MPDCCH monitoring is UE-eNB RTT plus 3 ms. This applies to uplink HARQ process with HARQ mode A. For uplink HARQ process with HARQ mode B, the restriction of UE-eNB RTT is removed. This implies for PUR case, the minimum time gap between the end of PUSCH transmission and the start of MPUCCH monitoring is 3 ms. 
We think this same minimum time gap can be extended for all uplink HARQ processes with HARQ mode B for eMTC UEs. 
Proposal 2: For an uplink HARQ process with HARQ mode B for eMTC UEs, the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process is 3 ms.

The third question in RAN2’s LS is as follows:
	Question 2: For UL multiple TB scheduling, which of the following HARQ mode combinations does RAN1 intend to support for eMTC and NB-IoT?
· Case 1: all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A
· Case 2: all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode B
· Case 3: some HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A and the others are configured with HARQ mode B



First of all, RAN1 has not discussed HARQ mode for uplink transmissions in IoT NTN or NR NTN. This topic is out of RAN1 discussion scope and RAN1 will not discuss HARQ mode for uplink transmissions in the remaining of Rel-18 IoT NTN. Hence, we think this topic is up to RAN2 decision. 
On the other hand, RAN1 has discussed downlink multiple TB scheduling. For eMTC CE Mode A, the per-HARQ process configuraiton of HARQ feedback enabling/disablin is supported. For eMTC CE Mode B and NB-IoT, the per-HARQ process configuration of HARQ feedback enabling/disabling is also supported, together with the configuration of DCI-based direct indication/overridden. Hence, it is possible that in case of DCI scheduling donwlink multiple TBs, some HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ feedback enabled and the others are configured with HARQ feedback disabled. This downlink multiple TBs scheduling design may be referenced by RAN2 in their considerations of uplink multiple TBs scheduling design. 
Proposal 3: It is up to RAN2 decision on the possible HARQ mode combinations for uplink multiple TB scheduling.
· RAN1 to provide the design of downlink multiple TBs scheduling as a reference to RAN2. 

The last question in RAN2’s LS is as follows:
	Question 3: For the above RAN1 agreement, which is the correct understanding?
· [bookmark: _Hlk133328276]Understanding 1: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for the same HARQ process in a period of Y=12(ms) from the end of reception of the NPDSCH.
· Understanding 2: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for all the HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH.



According to RAN1 #110 agreement, it is clear that “understanding 1” in RAN2’s LS is aligned with Option 1 of the agreement, and “understanding 2” in RAN2’s LS is aligned with Option 2 of the agreement. In RAN1 #110b-e meeting, Option 2 of this agreement is finally selected, which implies that “understanding 2” in RAN2’s LS is the correct understanding.  
	RAN1 #110 Agreement
For a DL HARQ process with disabled HARQ feedback in NB-IoT, at least the following UE behavior(s) can be considered:
· Option 1: UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until X(ms) after the end of the reception of the last NPDSCH for that HARQ process. 
· X =12
· Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· Y=12
Note: it may be different UE behaviors for different UE categories (e.g., UE with single/multiple HARQ processes)
RAN1 #110b-e Agreement
For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH.


 
Proposal 4: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for all the HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH.
Based on the above discussions, the corresponding draft reply LS on HARQ enhancements for IoT NTN is in [3].
Conclusion
In this contribution, we provided our views on HARQ enhancement for IoT NTN. Our proposals are as follows:
Proposal 1: For an uplink HARQ process with HARQ mode B for NB-IoT UEs, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process is 3 ms.
Proposal 2: For an uplink HARQ process with HARQ mode B for eMTC UEs, the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process is 3 ms.
Proposal 3: It is up to RAN2 decision on the possible HARQ mode combinations for uplink multiple TB scheduling.
· RAN1 to provide the design of downlink multiple TB scheduling as a reference to RAN2. 

Proposal 4: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for all the HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH.
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