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[bookmark: _Ref85728113]Introduction
This contribution summarizes the discussion on questions in RAN2 LS [1] regarding HARQ enhancements in IoT NTN, according to the following assumptions in RAN2:
For Rel-18 IoT NTN’s HARQ enhancements, RAN2 has agreed to introduce HARQ mode A and HARQ mode B for UL HARQ operation. For an UL HARQ process configured with HARQ mode A, UE does not expect to receive (N)PDCCH for the given HARQ process before a period of UE-eNB RTT has passed since (N)PUSCH transmission, as supported in Rel-17 IoT NTN. For an UL HARQ process configured with HARQ mode B, UE can expect to receive (N)PDCCH for the given HARQ process within the period of UE-eNB RTT.
RAN1 is asked to provide answers to the following questions:
[bookmark: _Hlk135399025]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: _Hlk135406090]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

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?
· [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.
· [bookmark: _Hlk133328288]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.
Question 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?



Companies’ proposals
The following proposals regarding the above Question 1a and 1b are provided in the contributions.
	Company
	Proposals

	[bookmark: _Hlk135389116]Qualcomm Incorporated [2]
	RAN1 response: The current specifications capture the following constraints for NPDCCH monitoring after NPUSCH transmission:
1. For a UE configured with two HARQ processes:
1.1. The UE does not monitor NPDCCH in the half duplex guard periods (1ms after the end of the transmission) regardless of the DCI type / HARQ process ID.
1.2. [bookmark: _Hlk135388810]The UE does not expect to be scheduled with the same HARQ process from subframe n+1 to subframe n+Kmac+3.

2. For a UE configured with a single HARQ process:
2.1. The UE does not monitor NPDCCH from subframe n+1 to subframe n+Kmac+3.
The constraint in 1.2 is intended to cover the eNB NPUSCH processing time before issuing a retransmission for the same HARQ process. RAN1 will remove the constraint 1.2 for NPUSCH configured for HARQ mode B if RAN2 requests so.
RAN1 response: For HD-FDD UEs, the minimum time is 1ms (corresponding to the half duplex guard period), i.e., for a PUSCH ending in subframe N, the UE will start monitoring MPDCCH in subframe N+2.

	[bookmark: _Hlk135389269]Nokia, Nokia Shanghai Bell [3]
	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.

	[bookmark: _Hlk135389284]Huawei, HiSilicon [4]
	[bookmark: _Hlk135398899]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.  
[bookmark: _Hlk135317053]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. 

	[bookmark: _Hlk135389299]Lenovo [5]
	Answer to Q1a and Q1b: In RAN1’s view, for a NB-IoT UE configured with two HARQ processes, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring is 1ms, which is used for UL-to-DL switching. Furthermore, although the NPDCCH monitoring after the switching is on-going, the UE is not expected to receive another NPDCCH carrying a DCI scheduling an NUPSCH for a given HARQ process that starts until 3ms after the end of the transmission of the last  NPUSCH for that HARQ process. Otherwise, for a NB-IoT UE configured with single HARQ processes, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring is 3ms. 
For eMTC with half-duplex FDD operation, the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring is 1ms, which is used for UL-to-DL switching. For eMTC with FDD operation, there is no minimum time restrction between the end of PUSCH transmission and the start of MPDCCH monitoring.

	[bookmark: _Hlk135389310]Apple [6][7]
	Answer to Question 1a: 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. 
Answer to Question 1b: 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. 

	OPPO [8][9]
	Answer 1a: 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 for the same HARQ process is considered only for UEs with type B half-duplex FDD operation, and the minimum time is one subframe. 
Answer 1b: For an UL 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 considered only for UEs with type B half-duplex FDD operation, and the minimum time is one subframe.

	ZTE [10][11]
	RAN1’s response: 
[bookmark: _Hlk134692366][bookmark: _Hlk135388004]Based on RAN1’s consensus, if the UE has a NPUSCH transmission ending in subframe n, UE is not required to receive transmissions in the Type B half-duplex guard periods for FDD. That is, 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 for the same HARQ process is the Type B half-duplex guard periods for FDD. 

RAN1’s response: 
Based on RAN1’s understanding, there is no restriction on MPDCCH monitoring after PUSCH transmission in current RAN1 spec. And RAN1 does not find necessity to additionally introduce time gap between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process.  Therefore, for an UL HARQ process with HARQ mode B for eMTC UEs, there is no minimum time restriction between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process from RAN1’s perspective.


	[bookmark: _Hlk135389353]Nordic Semiconductor ASA [12]
	Reply: 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 3ms, as in terrestrial netwoks.
Reply: For eMTC UEs, the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process is 1ms, as in terrestrial netwoks.



Proposed answer to Question 1a
For NB-IoT UEs with HARQ mode B for an UL HARQ process, companies mention that the constraints of Type B half-duplex guard periods and/or eNB processing time for NPUSCH retransmission may be considered for NPDCCH monitoring after NPUSCH transmission. In general, three options are proposed:
· Option 1: the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process is 1 ms (only consider Type B half-duplex guard periods).
· Supported by: Qualcomm (if RAN2 requests to remove the constraint for eNB NPUSCH processing time), Nokia, Nokia Shanghai Bell, Huawei, HiSilicon, OPPO, ZTE
· Option 2: the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process is 3 ms (consider Type B half-duplex guard periods and eNB processing time for NPUSCH retransmission).
· Supported by: Lenovo, Apple, Nordic Semiconductor ASA
· [bookmark: _Hlk135399964]Option 3:  the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process is Kmac+3 ms (consider Type B half-duplex guard periods and eNB processing time for NPUSCH retransmission in a NTN cell).
· Supported by: Qualcomm
Most companies think for an UL HARQ process configured with HARQ mode B, the restriction due to eNB processing time for NPUSCH retransmission is not necessary, and the NPDCCH monitoring restriction can be relaxed from UE side. The eNB can schedule a new TB with same HARQ process without waiting for the decoding of the previous scheduled TB. Furthermore, one contribution [4] observes that even with a restriction of Kmac+3 ms, it cannot ensure eNB to finish decoding the NPUSCH reception. 
Note that NB-IoT UEs support Type B half-duplex FDD operation according to Table 4.1C-5 in TS36.306, so the restriction of Type B half-duplex guard periods should be kept.
Based on the above the following proposal is made:
[bookmark: _Hlk135413363]Proposed answer to Question 1a (to be updated based on discussion): 
[bookmark: _Hlk135734909]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 for the same HARQ process is 1 ms.

Please provide your comments on the above proposal.
	Company
	Support or not
	Comments / New proposal if not support

	Qualcomm
	
	[bookmark: _Hlk135736316]We are OK with the proposal, but we should make this an agreement to modify the RAN1 specifications accordingly (i.e., remove the constraing of Kmac + 3ms for HARQ mode B.

	Ericsson
	
	Before we can provide an answer to Question 1 we need to discuss whether blind (re-)transmission for NTN are already possible in the legacy specification or not.

	MediaTek
	Support 
	Echo to Qualcomm, an agreement may be made to modify RAN1 spec.

	Apple
	
	We can follow the majority views on this proposed answer. 

	Nokia, NSB
	Support
	




Proposed answer to Question 1b
In current RAN1 specification, the MPDCCH monitoring restriction is defined only for PUSCH transmission using preconfigured uplink resource. Besides, if eMTC UEs support Type B half-duplex FDD operation, not receiving a downlink subframe after PUSCH transmission to create Type B half-duplex guard periods is required. There is no other restriction on MPDCCH monitoring after PUSCH transmission.
[bookmark: _Hlk135406122]For eMTC UEs with HARQ mode B for an UL HARQ process, most companies (Qualcomm, Nokia, Nokia Shanghai Bell, Huawei, HiSilicon, Lenovo, OPPO, Nordic Semiconductor ASA) think the restriction of Type B half-duplex guard periods should be kept for MPDCCH monitoring after PUSCH transmission, i.e., the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process is 1 ms for Type B half-duplex FDD operation, and there is no minimum time restriction between the end of PUSCH transmission and the start of MPDCCH monitoring for full-duplex FDD operation. One company (Apple) proposes to reuse the MPDCCH monitoring restriction that defined for PUSCH transmission using preconfigured uplink resource. One company (ZTE) thinks there is no minimum time restriction between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process from RAN1’s perspective.
Based on the above the following proposal is made:
Proposed answer to Question 1b (to be updated based on discussion): 
For an UL 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 1 ms for Type B half-duplex FDD operation, and there is no minimum time restriction between the end of PUSCH transmission and the start of MPDCCH monitoring for full-duplex FDD operation.

Please provide your comments on the above proposal.
	Company
	Support or not
	Comments / New proposal if not support

	Qualcomm
	Support
	

	Ericsson
	
	Similar comment, before we can provide an answer to Question 1 we need to discuss whether blind (re-)transmission for NTN are already possible in the legacy specification or not.

	Apple
	
	We can follow the majority views on this proposed answer. 

	Nokia, NSB
	Support
	



Question 2
	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



Companies’ proposals
The following proposals regarding the above Question 2 are provided in the contributions.
	Company
	Proposals

	Qualcomm Incorporated [2]
	RAN1 response: From RAN1’s perspective all the cases are feasible and would have no RAN1 specification impact. RAN1 would like to highlight that, in general, the support of HARQ mode B is transparent to RAN1’s specifications.

	Nokia, Nokia Shanghai Bell [3]
	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.

	Huawei, HiSilicon [4]
	Proposal 3: (Corresponding to Question 2) Case 3 should be supported for HARQ mode combinations in IoT NTN. 

	Lenovo [5]
	Answer to Q2: In RAN1’s view, although corresponding discussion for DL multiple TB scheduling is still on-going, to facilitate the eNB scheduling, [all three] cases should be supported for eMTC and NB-IoT.

	Apple [6][7]
	Answer to Question 2: RAN1 has not discussed and will not discuss HARQ modes for uplink transmissions. This topic is up to RAN2 decision. For downlink multiple TBs scheduling, it is supported that some HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ feedback enabled and the others are configured with HARQ feedback disabled.

	OPPO [8][9]
	Answer 2: For UL multiple TB scheduling, all the three cases can be supported.

	ZTE [10][11]
	RAN1’s response: 
Based on RAN1’s consensus, it is feasible in RAN1 that the scheduled multiple TBs correspond to different HARQ mode configurations. Hence, all the combinations can be supported from RAN1 perspective.


	Nordic Semiconductor ASA [12]
	Reply: RAN1 intends to support Case 3. Selection of HARQ mode (A or B) for each HARQ process should follow the per-process RRC configuration, independent of whether single or multiple TB scheduling is used. 



Proposed answer to Question 2
Regarding Question 2, although this topic is mainly up to RAN2 decision and would have no RAN1 specification impact, all the companies think supporting Case 3 is feasible and would facilitate the eNB scheduling. Furthermore, some companies also propose to support Case 1 and Case 2. From moderator’s view, Case 1 and Case 2 can be considered as special cases of Case 3, so supporting all the three cases seems feasible from RAN1’s perspective. The following proposal is made.
Proposed answer to Question 2 (to be updated based on discussion): 
[bookmark: _Hlk135735166]From RAN1 perspective, supporting all the three cases for UL multiple TB scheduling for eMTC and NB-IoT is feasible.

Please provide your comments on the above proposal.
	Company
	Support or not
	Comments / New proposal if not support

	Qualcomm
	Support
	

	Ericsson
	Support
	

	MediaTek
	Not
	Case 3 should not be supported. Multi-TB will be scheduled with one DCI, there will have large spec impact on RAN2 HARQ RTT timersand how UE behaves for case 3. At this stage, we think it is better to keep simpler solution.

	Apple
	Not
	We think this topic is out of RAN1 scope and RAN1 should not answer the question directly. Instead, RAN1 can provide the discussions for DL multiple TB scheduling, just for RAN2’s reference. 
Hence, we suggest the following answer:
[bookmark: _Hlk135735239]RAN1 has not discussed and will not discuss HARQ modes for uplink transmissions. This topic is up to RAN2 decision. For downlink multiple TBs scheduling, it is under RAN1 discussion whether or not all 3 cases are supported. 

	Nokia, NSB
	
	We think we can reply to RAN2 as “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.”



Question 3
	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.



Companies’ proposals
The following proposals regarding the above Question 3 are provided in the contributions.
	Company
	Proposals

	[bookmark: _Hlk135319473]Qualcomm Incorporated [2]
	RAN1 response: The correct understanding is Understanding 2. 

	[bookmark: _Hlk135319490]Nokia, Nokia Shanghai Bell [3]
	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: _Hlk135319501]Huawei, HiSilicon [4]
	Proposal 4: (Corresponding to Question 3) Understanding 2 is the correct understanding.

	[bookmark: _Hlk135319512]Lenovo [5]
	Answer to Q3: In RAN1’s view, for NB-IoT, UE is not required to monitor any NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH in case of the NPDSCH with disabled HARQ feedback, so Understanding 2 is correct.

	[bookmark: _Hlk135319527]Apple [6][7]
	Answer to Question 3: Understanding 2 is the correct understanding.

	OPPO [8][9]
	Answer 3: For the above RAN1 agreement, understanding 2 is the correct understanding.

	ZTE [10][11]
	RAN1’s response: 
Based on RAN1’s consensus, the Understanding 2 is the correct understanding for NB-IoT. Moreover, for eMTC, where Understanding 1 is adopted, RAN1 added descriptions such as “for that given HARQ process” to explicitly mention the restriction is for same HARQ process, just as shown in following agreement achieved in RAN1#112.

	Nordic Semiconductor ASA [12]
	Reply: Understanding 1 is a correct understanding.



Proposed answer to Question 3
Regarding Question 3, most companies (Qualcomm, Nokia, Nokia Shanghai Bell, Huawei, HiSilicon, Lenovo, Apple, OPPO, ZTE) propose to clarify that understanding 2 is the correct understanding, while one company (Nordic Semiconductor ASA) proposes to clarify that understanding 1 is a correct understanding. Per discussion progress of HARQ enhancements for IoT NTN in RAN1, moderator thinks understanding 2 is the correct understanding. The following proposal is made.
Proposed answer to Question 3 (to be updated based on discussion): 
Understanding 2 is the correct understanding.

Please provide your comments on the above proposal.
	Company
	Support or not
	Comments / New proposal if not support

	Qualcomm
	Support
	

	Ericsson
	Support
	The scheduling restriction states that the “UE is not required to monitor NPDCCH” without referring to a specific HARQ process. So, while the no-monitoring rule is in place, the UE is not required to monitor NPDCCH for HARQ process 0 nor for HARQ process 1. Thus, for “Question 3,” the answer is as per “Understanding 2”.

	MediaTek
	Support
	

	Apple
	Support
	

	Nokia, NSB
	Support
	




Conclusion
[bookmark: _GoBack]Summary of proposals after first round discussion:
Proposal 1: 
Adopt the response below to RAN2’s question 3: 
· Understanding 2 is the correct understanding.

Proposal 2: 
Adopt the response below to RAN2’s question 1a: 
· 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 for the same HARQ process is 1 ms.

Proposal 3: 
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 for the same HARQ process is 1 ms.

Proposal 4: 
Adopt the response below to RAN2’s question 1b: 
· For an UL 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 1 ms for Type B half-duplex FDD operation, and there is no minimum time restriction between the end of PUSCH transmission and the start of MPDCCH monitoring for full-duplex FDD operation.

Proposal 5: 
Adopt the response below to RAN2’s question 2: 
· How to support UL multiple TB scheduling for eMTC and NB-IoT is transparent to RAN1 and can be left to RAN2 decision.
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