Page 1

3GPP TSG RAN WG1 #114			R1-2307401
Toulouse, France, August 21st – August 25th, 2023

Agenda item:	9.9.3
Source:		Xiaomi
Title:	Discussion on the HARQ operation for IoT NTN
[bookmark: DocumentFor]Document for:	Discussion
Introduction
In RAN1#113 meeting, the following agreements were made on the HARQ operation for IoT NTN [1]:
Working assumption
For DCI-based direct indication in single TB scheduled by DCI, 
· Indication by reusing/reinterpreting HARQ-ACK related field in DCI
· For eMTC CE mode B, one state of “HARQ-ACK resource offset” field in DCI format 6-1B is used for indication of HARQ feedback disabled, other states are used for indication of HARQ feedback enabled and corresponding HARQ-ACK resource.
· FFS: detailed state, and whether this state is different across different UEs
· For NBIoT, one state of “HARQ-ACK resource” field in DCI format N1 is used for indication of HARQ feedback disabled, other states are used for indication of HARQ feedback enabled and corresponding HARQ-ACK resource.
· FFS: detailed state, and whether this state is different across different UEs
· If reusing/reinterpreting HARQ-ACK related field in DCI is also used for DCI overriding scheme, the interpretation of the state can be different than for DCI-based direct indication.

[bookmark: _Hlk135835537]Agreement
For single TB scheduled by DCI, 
· Working assumption 1 DCI based overridden indication is applied to both semi-statically HARQ disabled and enabled processes
· For DCI based overridden indication, adopt indication by reusing/reinterpreting HARQ-ACK related field in DCI
· For eMTC CE mode B, “HARQ-ACK resource offset” field in DCI format 6-1B is used for indication of maintaining/reversing the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration and corresponding HARQ-ACK resource in case of indication of HARQ feedback enabled.
· HARQ feedback disabled is reversed to enabled in case of any states other than state A in “HARQ-ACK resource offset”, otherwise is maintained as disabled.
· HARQ feedback enabled is maintained in case of any states other than state A in “HARQ-ACK resource offset”, otherwise is reversed to disabled.
· FFS: detailed state A, and whether this state A is different across different UEs
· For NBIoT, “HARQ-ACK resource” field in DCI format N1 is used for indication of maintaining/reversing the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration and corresponding HARQ-ACK resource in case of indication of HARQ feedback enabled.
· The same DCI indication functionality as eMTC is adopted.
· Working assumption 2 For Option 1 + Option 3 DCI based overridden mechanism, for a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, the NBIoT UE does not wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH for the same HARQ process (or monitoring any NPDCCH for the case of single HARQ process configuration). 
· Send an LS to RAN2 with the following contents:
· RAN1 respectfully ask RAN2 for the feasibility of Working assumption 2 (taking into account potential RAN2 spec impact).


Agreement
The draft LS in R1-2306205 is endorsed. Final LS in R1-2306245.

Agreement
For the RRC configuration of DCI solution enabling/disabling of HARQ feedback for NB-IoT and LTE-MTC in CE Mode B, the RRC configuration is UE-specific.

Agreement
for NB-IoT and LTE-MTC in CE Mode B, if multiple TBs is configured, for DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduled by single DCI, the same indication is applied to all scheduled TBs, i.e. HARQ is enabled or disabled for all TBs.

Agreement
Adopt the response below to RAN2’s question 3: 
· Understanding 2 is the correct understanding.

Agreement
For a NB-IoT UE operating with two HARQ processes, for an UL HARQ process with HARQ mode B, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process is 1 ms.
· Note: this implies a RAN1 specification change in Rel-18

Agreement
For the response to RAN2’s question 1a: provide the agreement above.

Agreement
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.

Agreement
Adopt the response below to RAN2’s question 2: 
· Whether/how to support case 1, case 2 and/or case 3 for UL multiple TB scheduling for eMTC and NB-IoT is transparent to RAN1 and can be left to RAN2 decision.


Agreement
For a NB-IoT UE operating with one HARQ process, for an UL HARQ process with HARQ mode B, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring is 1 ms.
· Note: this implies a RAN1 specification change in Rel-18

Agreement
· For the response to RAN2’s question 1a: provide the agreement above.

Agreement
The draft LS in R1-2306134 is endorsed with the following changes:
· Add the agreement on NB-IoT UE operating with one HARQ process to the list of RAN1 agreements listed in the LS
· Change “kindly” to “respectfully” in the action
Final LS in R1-2306182.

In this contribution, we present the discussion on the HARQ disabling operation in IoT NTN scenario.
Discussion
Indication of HARQ disabling
For both DCI-based directly indication and DCI-based overriding mechanisms, the same UE behavior is adopted from HARQ disabling functionality point of view as follows:
· DCI direct indication
· HARQ-ACK resource state A indicated in DCI => disabled
· HARQ-ACK resource state other than A indicated in DCI => enabled 
· DCI overridden:
· RRC:       HARQ feedback disabled
· HARQ-ACK resource state B indicated in DCI => disabled
· HARQ-ACK resource state other than B indicated in DCI => enabled 
· RRC:       HARQ feedback enabled
· HARQ-ACK resource state B indicated in DCI => disabled
· HARQ-ACK resource state other than B indicated in DCI => enabled

In our understanding, the “A” and “B” should be the same which means the same HARQ-ACK resource state is reserved for DCI disabling for both DCI based direct indication and overriding. Meanwhile, we don’t see the use case to have different states across the UEs. The last row in the table below can be used as the reserved state for DCI disabling.


Table 16.4.2-2 [2]: ACK/NACK subcarrier and for NPUSCH with subcarrier spacing .
	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	0
	13

	1
	1
	13

	2
	2
	13

	3
	3
	13

	4
	0
	15

	5
	1
	15

	6
	2
	15

	7
	3
	15

	8
	0
	17

	9
	1
	17

	10
	2
	17

	11
	3
	17

	12
	0
	18

	13
	1
	18

	14
	2
	18

	15
	Reserved 
	Reserved





Proposal 1: The last row in the “HARQ-ACK resource” table can be reserved for DCI disabling.

It was agreed to have a working assumption that for Option 1 + Option 3 DCI based overridden mechanism, for a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, the NBIoT UE does not wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH for the same HARQ process (or monitoring any NPDCCH for the case of single HARQ process configuration). However, it should be clear what is the UE’s PDCCH monitoring behavior for this case. It is proposed to have aligned UE behavior with the legacy one. If the NB-IoT UE has a NPUSCH transmission carrying the HARQ information ending in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3
Proposal 2: For Option 1 + Option 3 DCI based overridden mechanism, for a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, if the NB-IoT UE has a NPUSCH transmission carrying the HARQ information ending in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3



HARQ feedback for scheduling multiple TB
For a NB-IoT UE that supports twoHARQ-Processes-r14 or the UE is configured with higher layer parameter npdsch-MultiTB-Config, there shall be a maximum of 2 downlink HARQ processes. If the UE is configured with higher layer parameter npdsch-MultiTB-Config and multiple TB are scheduled in the corresponding DCI, the HARQ process ID of 0 is for the first TB and HARQ process ID of 1 shall be assumed for the second TB [2]. It is possible that the HARQ enabling/disabling is different for the HARQ process 0 and the HARQ process 1. Then how the UE should generate the HARQ information should be defined. 
· Case 1: HARQ is enabled for both HARQ processes
For this case, it is straightforward to generate the HARQ information for both HARQ processes
· Case 2: HARQ is disabled for both HARQ processes
For this case, no HARQ information is needed for both HARQ processes.
· Case 3: one of the HARQ processes is HARQ enabled while the other one is HARQ disabled.
For this case, the following proposals are listed in the moderator’s summary [3]:
[Proposal 2-1a]:
For the multiple TBs scheduled by single DCI in NBIoT, whether and how to support mixed HARQ feedback enabling/disabling scheduling, the following directions can be considered:
· Direction 1: mixed HARQ feedback enabling/disabling is not supported (e.g., by eNB scheduling implementation, UE is not expected to receive a DCI scheduling 2 TBs with different HARQ feedback enabled/disabled configuration/indication, or specifying UE behavior to either all HARQ feedback enabling or all HARQ feedback disabling when mixed scheduling)
· Direction 2: mixed HARQ enabling/disabling is supported (e.g., one TB with HARQ feedback and the other TB w/o HARQ feedback)
· FFS for eMTC

[Proposal 2-2a]: 
· For NBIoT two TBs scheduled by single DCI, the following UE behaviors are considered for the downlink transmission with HARQ process disabled：
· Option 1: ACK is assumed/reported for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission
· Option 2: HARQ feedback is reported only for downlink transmission with HARQ process enabled (e.g., HARQ feedback is not reported for downlink transmission with HARQ process disabled)
· Option 3: HARQ feedback is reported or not depending on the other TBs HARQ-enabled/HARQ-disabling scheduled by DCI 
· Other options are not excluded

[Proposal 2-3a]: 
· At least for eMTC FDD/HD-FDD multiple TBs scheduled by single DCI without HARQ bundling, the following UE behaviors are considered for the downlink transmission with HARQ process disabled：
· Option 1: ACK is assumed/reported for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission
· Option 2: HARQ feedback is reported only for downlink transmission with HARQ process enabled (e.g., HARQ feedback is not reported for downlink transmission with HARQ process disabled)
· Other options are not excluded
· FFS:  scenarios for eMTC FDD/HD-FDD multiple TBs scheduled by single DCI with HARQ bundling

In our understanding, it is quite nature to support the mixed HARQ enabling/disabling for the multiple TBs scheduled by one DCI as this may purely up to the eNB’s configuration. If the UE is configured to support the HARQ bundling, ACK is assumed regardless of the decoding result for the HARQ disabled process. Otherwise, UE only report the HARQ information for the HARQ enabled process to save the signaling cost.

Proposal 3: UE is not required to report the HARQ information for the case that both HARQ processes are HARQ disabled in multi-TB scheduling for NB-IoT.
Proposal 4: UE only report the HARQ information for the HARQ enabled process in multi-TB scheduling for NB-IoT.


Conclusions
In this contribution, we discuss the necessity and design aspect related to HARQ disabling. We have the following observations and proposals based on our analysis:

Proposal 1: The last row in the “HARQ-ACK resource” table can be reserved for DCI disabling.
Proposal 2: For Option 1 + Option 3 DCI based overridden mechanism, for a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, if the NB-IoT UE has a NPUSCH transmission carrying the HARQ information ending in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3
Proposal 3: UE is not required to report the HARQ information for the case that both HARQ processes are HARQ disabled in multi-TB scheduling for NB-IoT.
Proposal 4: UE only report the HARQ information for the HARQ enabled process in multi-TB scheduling for NB-IoT.
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