
3GPP TSG RAN WG1 #113		R1-2305444
Incheon, Korea, May 22nd – 26th, 2023

Source:	OPPO
[bookmark: _Hlk134183875]Title:	Discussion RAN2 LS on HARQ Enhancements 
Agenda Item:	5
Document for:	Discussion and Decision

[bookmark: _Ref85728113]Introduction
[bookmark: _GoBack]A LS [1] on HARQ enhancements in NTN has been sent to RAN1 in RAN1 #113 meeting:
	1. Overall Description:
[bookmark: _Hlk134266231][bookmark: _Hlk134256554]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. Relevant RAN2 agreements are given below.
	Agreement in RAN2#119e:
1. For UL HARQ operation, introduce two HARQ modes, i.e., HARQ mode A and HARQ mode B in IoT NTN (both NB-IoT and eMTC NTN), similarly to NR NTN.



	Agreement in RAN2#119bis-e:
1. HARQ mode A/B for uplink transmission may be configured per UL HARQ process at least via UE specific RRC signalling for eMTC and NB-IOT NTN. We can also revert this decision if requested by RAN1.
2. RAN2 agree to take R17 NR NTN DRX solution as baseline for IoT NTN, e.g. for HARQ process in HARQ mode B, the UE will not start the corresponding UL HARQ RTT timer.
3. For NB-IoT NTN with single HARQ process in HARQ mode B, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission (can still check whether other alternatives also work).



	Agreement in RAN2#120:
1. RAN2 understands that something needs to be added to consider the processing time also for inactivity timer of HARQ mode B.


To facillate RAN2’s work, RAN2 would like to seek answers from RAN1 for the following questions.
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: _Hlk134262085]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?
[bookmark: _Hlk134275276]Question 2: For UL multiple TB scheduling, which of the following HARQ mode combinations does RAN1 intend to support for eMTC and NB-IoT?
· [bookmark: _Hlk134275211]Case 1: all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A
· [bookmark: _Hlk134275227]Case 2: all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode B
· [bookmark: _Hlk134275242]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.



[bookmark: _Hlk134276933]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.

2. Actions:
[bookmark: _Hlk46227635]To RAN1
ACTION: 	RAN2 respectfully asks RAN1 to take above information into account and to provide answers to the above questions.



In this contribution, we provide our views on the questions raised in the LS. A companion contribution on draft reply LS for the corresponding answers is provided in [2].
Discussion
On Question 1
[bookmark: _Hlk134266020]In legacy IoT TN system, the determination of the minimum time between the end of PUSCH transmission and the start of PDCCH monitoring for a given HARQ process may consider the impacts of eNB processing time for the data packet, UE-eNB RTT, and UE transition time from transmission to reception. For an NB-IoT UE, if UE has a NPUSCH transmission ending in subframe n, the UE is not expected to receive an NPDCCH for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3. For an eMTC UE with preconfigured uplink resource configuration, if 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.
The UE behavior in legacy IoT TN system is similar to the UE behavior that the corresponding UL HARQ process is configured with HARQ mode A in IoT NTN system. As mentioned in the LS, for an UL HARQ process configured with HARQ mode B in both NB-IoT-NTN and eMTC-NTN systems, UE can expect to receive PDCCH for the given HARQ process within a period of UE-eNB RTT after PUSCH transmission. 
[bookmark: _Hlk134262214]How to determine the minimum time between the end of PUSCH transmission and the start of PDCCH monitoring for a given HARQ process with HARQ mode B should be discussed in RAN1. In our view, if HARQ mode B is configured for an UL HARQ process, the impacts of eNB processing time for the data packet and UE-eNB RTT can be omitted, but the impact of UE transition time from transmission to reception should still be considered for scheduling of this UL HARQ process. According to TS 36.211 section 6.2.5, one subframe guard period is created for UE TX-RX transition for UE with type B half-duplex FDD operation, and the impact of UE TX-RX transition time is negligible for other type of UEs. Therefore, we think the minimum time between the end of PUSCH transmission and the start of PDCCH monitoring for a given HARQ process with HARQ mode B could be one subframe for UE with type B half-duplex FDD operation, and there is no need to have such kind of PDCCH monitoring restriction for other types of UE.
Proposal 1 [bookmark: _Hlk134263253]For an UL HARQ process with HARQ mode B, 1 subframe is considered as the minimum time between the end of PUSCH transmission and the start of PDCCH monitoring for the same HARQ process for IoT UEs with type B half-duplex FDD operation, 0 otherwise.
In addition, for IoT UEs with type B half-duplex FDD operation, the above PDCCH monitoring restriction for UL contiguous transmissions should also be considered if at least one of them correspond to UL HARQ processes configured with HARQ mode B. In general, two cases should be considered:
· Case 1: the PUSCH corresponding to HARQ mode B is the last PUSCH of the contiguous transmissions.
· Case 2: the PUSCH corresponding to HARQ mode B is not the last PUSCH of the contiguous transmissions.
Figure 1 gives an example of the above two cases. It is clear that for an UL HARQ process configured with HARQ mode B for IoT UEs with type B half-duplex FDD operation, one subframe should be reserved as the minimum time between the end of last PUSCH of the contiguous transmissions and the start of PDCCH monitoring for the given HARQ process, irrespective of HARQ mode A or mode B the last PUSCH corresponding to.


Figure 1: illustration of PDCCH monitoring for type B half-duplex FDD UE after contiguous UL transmissions
Based on the above discussion, we have the following proposal.
Proposal 2 For IoT UEs with type B half-duplex FDD operation, if UE has contiguous PUSCH transmissions ending in subframe n and at least one PUSCH among the contiguous PUSCH transmissions are associated with UL HARQ processes configured with HARQ mode B, the UE is not expected to receive PDCCH for the given HARQ processes in subframe n+1.

On Question 2
[bookmark: _Hlk134275297]For UL multiple TB scheduling when UL HARQ processes are configured with HARQ mode A or B, all the three cases can be supported to achieve scheduling flexibility at eNB side. There is no need to introduce scheduling restriction to exclude some of the cases from physical layer perspective.
Proposal 3 For UL multiple TB scheduling, support all the three cases, i.e., all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A, all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode B, and some HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A and the others are configured with HARQ mode B.

On Question 3
In RAN1 meeting #110, the following agreement is made.
	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)



Option 1 corresponds to understanding 1, i.e., 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. While Option 2 corresponds to understanding 2, i.e., 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. After further discussion in RAN1, it was agreed to support Option 2 in RAN1 meeting #110b-e, hence understanding 2 is the correct understanding.
	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 [bookmark: _Hlk118467800]Clarify that understanding 2 is the correct understanding for the RAN1 agreement. 
Conclusion
Based on the discussion, this contribution provides the following proposals.
Proposal 1 For an UL HARQ process with HARQ mode B, 1 subframe is considered as the minimum time between the end of PUSCH transmission and the start of PDCCH monitoring for the same HARQ process for IoT UEs with type B half-duplex FDD operation, 0 otherwise.
Proposal 2 For IoT UEs with type B half-duplex FDD operation, if UE has contiguous PUSCH transmissions ending in subframe n and at least one PUSCH among the contiguous PUSCH transmissions are associated with UL HARQ processes configured with HARQ mode B, the UE is not expected to receive PDCCH for the given HARQ processes in subframe n+1.
Proposal 3 For UL multiple TB scheduling, support all the three cases, i.e., all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A, all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode B, and some HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A and the others are configured with HARQ mode B.
Proposal 4 Clarify that understanding 2 is the correct understanding for the RAN1 agreement.
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