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1 Introduction
In Rel-18 IoT NTN’s HARQ enhancements, RAN2 has agreed to introduce HARQ mode A and HARQ mode B for UL HARQ operation. In RAN2# 121bis e-Meeting, the following questions remains to be answered from RAN1 [1]: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?  
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?
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
Question 3: For the above RAN1 agreement, which is the correct understanding?
· 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.

2 Discussion on RAN2 LS 
In current NB-IoT specification (corresponding to HARQ mode A), the NPDCCH monitoring of same HARQ process is restricted for Kmac+3 subframes after the end of NPUSCH transmission for IoT NTN when the HARQ-ACK is enabled according to section 16.6 of TS36.213. The 3 subframes are inherited from NB IoT timeline in TN in which eNB decode the NPUSCH and generate UL grants. The Kmac subframes are the offset between UL and DL at eNB side. In Figure 1(a) and 1(b), the illustrative timelines for TN and NTN are provided. It can be observed eNB cannot ensure to finish decoding NPUSCH even if scheduling restriction of Kmac+3 subframes are introduced due to the RTT between UE and timing reference point (TA/Koffset). 
Observation 1: Even the current scheduling restriction in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3 cannot ensure eNB to finish decoding the NPUSCH reception ending in UL subframe n.  
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(a) NB IoT timeline in TN
[image: ] 
(b) NB IoT timeline in NTN assuming K_mac=4 and TA=6
Figure 1 NPDCCH monitoring restriction for HARQ mode A
For HARQ mode B, eNB can schedule another TB with same HARQ process without waiting for the decoding of the current scheduled TB. The restriction for HARQ mode A (downlink subframes that overlaps with uplink subframe n+1 to subframe n+Kmac+3.) would be redundant. On the other side, half-duplex guard subframe (i. e. 1ms) of the UL and DL subframe is specified for Type B HD-FDD UEs (for NB IoT). Thus, at the eNB side, it can schedule another DCI at any DL subframes after the last DL subframe overlap with uplink subframe n+1. An example is provided in Figure 2.  
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Figure 2 NPDCCH monitoring restriction for HARQ mode BTS36.211 6.2.5
For type B half-duplex FDD operation, guard periods, each referred to as a half-duplex guard subframe, are created by the UE by
-	not receiving a downlink subframe immediately preceding an uplink subframe from the same UE, and
-  not receiving a downlink subframe immediately following an uplink subframe from the same UE.

Proposal 1: (Corresponding to Question 1a) For NB-IoT UEs with HARQ mode B in a NTN serving cell, if a NPUSCH transmission ends in subframe n, the UE is not required to monitor NPDCCH in any downlink subframe that overlaps with uplink subframe n+1. 
eMTC may operate with FD-FDD or type B HD-FDD mode. There is no restriction on MPDCCH monitoring after PUSCH transmission defined in RAN1 specifications for eMTC UE. Thus, we had following proposal for the Question 1b from RAN2. 
Proposal 2：(Corresponding to Question 1b) For eMTC UE operating with FD-FDD, there is no scheduling restriction after PUSCH specified in RAN1. For eMTC UE operating with Type B HD-FDD, if a PUSCH transmission ends in subframe n, the UE is not required to monitor NPDCCH in any downlink subframe that overlaps with uplink subframe n+1. 
In R17 NR NTN, the HARQ disabling is configured per HARQ process for both DL (with 32-bit string of downlinkHARQ-FeedbackDisabled-r17) and UL (with 32-bit string of UplinkHARQ-mode-r17). In R18 IoT NTN, similar bitmap is assumed in DL for eMTC and NB-IoT considering the scheduling flexibility. We think similar scheme as in Rel-17 NR NTN can be inherited and no need to restrict the HARQ mode combination in UL for both eMTC and NB-IoT.
Proposal 3: (Corresponding to Question 2) Case 3 should be supported for HARQ mode combinations in IoT NTN. 
For Q3, RAN1 reached the agreement in RAN1#110b referring to the following paragraph in section 16.6 of TS36.213, which do not differentiate HARQ process in the scheduling DCI.
“If a NB-IoT UE receives a NPDSCH transmission ending in subframe n, and if the UE is not required to transmit a corresponding NPUSCH format 2, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+12.”
Therefore, Understanding 2 is the correct understanding from RAN1 side.
Proposal 4: (Corresponding to Question 3) Understanding 2 is the correct understanding.

3 Conclusion
The observations and proposals made in this contribution are summarized below:
Observation 1: Even the current scheduling restriction in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3 cannot ensure eNB to finish decoding the NPUSCH reception ending in UL subframe n.  
Proposal 1: (Corresponding to Question 1a) For NB-IoT UEs with HARQ mode B in a NTN serving cell, if a NPUSCH transmission ends in subframe n, the UE is not required to monitor NPDCCH in any downlink subframe that overlaps with uplink subframe n+1. 
Proposal 2：(Corresponding to Question 1b) For eMTC UE operating with FD-FDD, there is no scheduling restriction after PUSCH specified in RAN1. For eMTC UE operating with Type B HD-FDD, if a PUSCH transmission ends in subframe n, the UE is not required to monitor NPDCCH in any downlink subframe that overlaps with uplink subframe n+1. 
Proposal 3: (Corresponding to Question 2) Case 3 should be supported for HARQ mode combinations in IoT NTN. 
Proposal 4: (Corresponding to Question 3) Understanding 2 is the correct understanding.
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