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Introduction
RAN2 has sent an LS to RAN1 inquiring clarification on issues associated with Rel-18 HARQ enhancement for IoT NTN [1]. In this contribution, we discuss those issues for response to the LS.  
Discussion
The first question is related to scheduling restriction after (N)PUSCH transmission.
	[bookmark: _Hlk87092729]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?  
[bookmark: _Hlk134698410]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?


For NB-IoT with one HARQ, after UE transmits NPUSCH ending at subframe n (in DL timing), the UE is not required to monitor NPDCCH in DL subframes overlap with UL subframe n+1 to subframe n+Kmac+3. 
	TS 36.213, 16.6
if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3 or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3. 


This restriction is most likely due to RTT and processing delay at eNB. The scheduling is only possible after eNB has completed decoding of the PUSCH. For NB-IoT with two HARQ, this restriction only applies to the same HARQ process.
	TS 36.213, 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 or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3;



For the other HARQ process, the restriction is Type B half-duplex guard period (1 subframe) for UL to DL switch. 
Observation 1: Current NPDCCH monitoring restriction after NPUSCH transmission is to account for the HARQ processing delay.
Now considering that HARQ mode B where retransmission can be scheduled without waiting for UL data decoding, the restriction of NPDCCH monitoring can be relaxed. If we remove the restriction due to HARQ processing delay, NB-IoT UE should start NPDCCH monitoring after the half-duplex guard period following the end of NPUSCH transmission. Since there is no HARQ dependent delay, this NPDCCH monitoring restriction applies to the same or different HARQ process of the NPUSCH transmission. 
Proposal 1: For an UL 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 is 1 subframe for the same HARQ process.
For eMTC, there is no MPDCCH monitoring restriction in TS 36.213. If the UE is full-duplex, there should be no delay in monitoring MPDCCH after PUSCH transmission. If the UE is half-duplex, there should be a Type B half-duplex guard period between the end of PUSCH transmission and start of MPDCCH monitoring.
Proposal 2: For an UL HARQ process with HARQ mode B for eMTC UEs, the minimm time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process is zero if the UE is full-duplex and 1 subframe if the UE is half-duplex.
	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


RAN1 has not discussed UL multiple TB scheduling. How HARQ mode A and mode B should be supported for UL multi-TB scheduling can be potentially aligned with HARQ feedback enable/disable support for DL multi-TB scheduling. RAN1 is in the process of discussing DL multi-TB cases. RAN1 have no answer to this question at this point. While from multi-TB case PoV, it is good to keep the flexibility of scheduling UL TB with or without waiting for decoding outcome to support different types of traffic.
[bookmark: OLE_LINK25]Proposal 3: Reply to RAN2 that RAN1 has not yet decided how to support HARQ mode A/B for UL multiple TB scheduling, although case 3 will be good to keep flexibility of UL TB scheduling considering different type of traffic.
	For the below RAN1 agreement, companies in RAN2 have different understandings regarding whether it is for the same HARQ process or for all HARQ processes.
	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.



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.


RAN1 has discussed Question 3 extensively and came to the agreement in RAN1#110bis. We have decided to keep UE’s legacy behavior:
	TS 36.213, 16.6
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.


NB-IoT UE is not expected to decoe NPDSCH and NPDCCH at the same time, and the 12 ms is the processing time for NPDSCH decoding. This limitation is not just for an individual HARQ process but for the entire UE.
Proposal 4: Reply to RAN2 that “Understanding 2” is the correct understanding of the RAN1 agreement on NPDCCH monitoring after the end of NPDSCH.
[bookmark: _Hlk68691077]Conclusion
In this contribution, we have discussed the questions in the incoming RAN2 LS about HARQ enhancement for IoT NTN with the following observations and proposals. 
Observation 1: Current NPDCCH monitoring restriction after NPUSCH transmission is to account for the HARQ processing delay.
Proposal 1: For an UL 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 is 1 subframe for the same HARQ process.
Proposal 2: For an UL HARQ process with HARQ mode B for eMTC UEs, the minimm time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process is zero if the UE is full-duplex and 1 subframe if the UE is half-duplex.
Proposal 3: Reply to RAN2 that RAN1 has not yet decided how to support HARQ mode A/B for UL multiple TB scheduling, although case 3 will be good to keep flexibility of UL TB scheduling considering different type of traffic.
Proposal 4: Reply to RAN2 that “Understanding 2” is the correct understanding of the RAN1 agreement on NPDCCH monitoring after the end of NPDSCH.
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