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1	Introduction
The Rel-18 “WID on IoT NTN enhancements” [1] includes the following objectives touching upon RAN1:
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.



In this contribution we provide our views on the first sub-bullet related with “Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates”, for both LTE-MTC and NB-IoT.
2	Follow-up: “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission”
In RAN1# 112, the Working Assumption (WA) from RAN1# 111 encompassing both NB-IoT and LTE-MTC turned into an agreement [2]:
	Agreement
Confirm the following working assumption with the following update:
Working assumption
For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission:
· Support Option 1 in case only per-HARQ process bitmap signaling is configured 
· Support Option 3 DCI direct indication of HARQ feedback enable/disable in case only DCI solution enabling/disabling signaling is configured
· Support Option 3 DCI indication to override Option 1 configuration for corresponding transmission in case both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured
· FFS #1: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ feedback enabled and disabled processes or only applied to semi-statically HARQ feedback disabled processes or only applied to semi-statically HARQ feedback enabled processes.
· [bookmark: _Hlk129764372]FFS #2: whether/how to support Option 3 overriding Option 1 configuration for corresponding transmission for multiple TBs scheduled by single DCI
· FFS#3：Option 3 DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration or DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission regardless of per-HARQ process RRC configuration.
RAN1 strives to have a common design (in terms of DCI design, PDCCH monitoring, etc.) for “Option 3” and “Option 3 + Option 1”.
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.



In RAN1#112-bis-e, a follow-up agreement was reached [3]:
	Agreement
For Option 3 DCI indication:
· Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured
· DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration
· For single TB scheduled by DCI, the DCI based overridden indication is applied to one of the following options (to be down-selected):
· Option A-1: only applied to semi-statically HARQ disabled processes
· Option A-4: applied to both semi-statically HARQ disabled and enabled processes
· FFS for multiple TBs scheduled by single DCI
· [bookmark: _Hlk133322464]Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured (i.e. no bitmap is configured)
· DCI-based mechanism is DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission
· For single TB scheduled by DCI, DCI-based direct indication is applied to the scheduled TB
· FFS for multiple TBs scheduled by single DCI


In section 2.1, we provide our view on the down-selection and FFSs in the above agreement for both NB-IoT and LTE-MTC.
2.1	On how “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission”
There are two solutions that make use of “Option 3 DCI,” the solution tagged as “Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured” and the solution tagged as “Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured (i.e. no bitmap is configured)”, which are discussed below in sections 2.1.1 and 2.1.2 respectively.
2.1.1	Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured
According with the agreement from RAN1# 112-bis-e, Option A is described as follows:
	· Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured
· DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration
· For single TB scheduled by DCI, the DCI based overridden indication is applied to one of the following options (to be down-selected):
· Option A-1: only applied to semi-statically HARQ disabled processes
· Option A-4: applied to both semi-statically HARQ disabled and enabled processes
· FFS for multiple TBs scheduled by single DCI



For “Option A” it is stated that the “DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration,” and that “For single TB scheduled by DCI, the DCI based overridden indication is applied to one of the following options (to be down-selected): Option A-1: only applied to semi-statically HARQ disabled processes, Option A-4: applied to both semi-statically HARQ disabled and enabled processes”.

[bookmark: _Toc134801039]For “Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured,” in our understanding it is possible to achieve full-flexibility via a proper configuration of the “HARQ feedback bitmap” regardless of whether “Option A-1” or “Option A-4” were chosen. 
[bookmark: _Toc134801040]For “Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured,” towards down-selecting between “Option A-1” or “Option A-4”, the option offering commonality DCI-design-wise with respect to “Option B” (where only DCI solution enabling/disabling signaling is configured) should be the one to be selected.
2.1.1.1	Option A-1: only applied to semi-statically HARQ disabled processes
The table below illustrates the applicability of “Option A-1” using as an example a 2-bit HARQ feedback bitmap. 
Table 1: Example of the applicability of “Option A-1” using a 2-bit HARQ feedback bitmap.
	Option A-1 “only applied to semi-statically HARQ feedback disabled processes”.
Assuming two HARQ processes and a 2-bit bitmap (MSB HARQ Process#0, LSB HARQ process#1), where 0 means HARQ feedback disabled and 1 means HARQ feedback enabled.

	00
· Applying Option 3 to HARQ process#0, it should be possible to reverse the HARQ feedback from 0 to 1. That is, passing from Disabled HARQ feedback to Enabled HARQ feedback.

· Applying Option 3 to HARQ process#1, it should be possible to reverse the HARQ feedback from 0 to 1. That is, passing from Disabled HARQ feedback to Enabled HARQ feedback.
	01
· Applying Option 3 to HARQ process#0, it should be possible to reverse the HARQ feedback from 0 to 1. That is, passing from Disabled HARQ feedback to Enabled HARQ feedback.

· Applying Option 3 to HARQ process#1, it won‘t be possible to reverse the HARQ feedback from 1 to 0. That is, it won’t be possible passing from Enabled HARQ feedback to Disabled HARQ feedback.
	10
· Applying Option 3 to HARQ process#0, it won‘t be possible to reverse the HARQ feedback from 1 to 0. That is, it won’t be possible passing from Enabled HARQ feedback to Disabled HARQ feedback.

· Applying Option 3 to HARQ process#1, it should be possible to reverse the HARQ feedback from 0 to 1. That is, passing from Disabled HARQ feedback to Enabled HARQ feedback.
	11
· Applying Option 3 to HARQ process#0, it won‘t be possible to reverse the HARQ feedback from 1 to 0. That is, it won’t be possible passing from Enabled HARQ feedback to Disabled HARQ feedback.

· Applying Option 3 to HARQ process#1, it won‘t be possible to reverse the HARQ feedback from 1 to 0. That is, it won’t be possible passing from Enabled HARQ feedback to Disabled HARQ feedback.



From the contributions submitted to RAN1# 112-bis-e, the proponents of “Option A-1” suggested to make use of a state(s) of an existing DCI field (e.g., 1 state out of the 16 states in the “ACK/NACK resource field” will indicate HARQ feedback disable), the problem with this approach is that it won’t offer DCI-design commonality with “Option B” that requires 1-bit to indicate HARQ feedback enabled/disabled.  
[bookmark: _Toc134801041]For “Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured,” the proponents of “Option A-1” so far have suggested to make use of a state(s) of an existing DCI field (e.g., 1 state out of the 16 states in the “ACK/NACK resource field” will indicate HARQ feedback disable), the problem with this approach is that it won’t offer DCI-design commonality with “Option B” that in principle requires an ON/OFF approach where 1-bit would be used to indicate HARQ feedback Enabled/Disabled.
2.1.1.2	Option A-4: applied to both semi-statically HARQ disabled and enabled processes
The table below illustrates the applicability of “Option A-4” using as an example a 2-bit HARQ feedback bitmap. 
Table 1: Example of the applicability of “Option A-1” using a 2-bit HARQ feedback bitmap.
	Option A-4 “applied to both semi-statically HARQ disabled and enabled processes”.
Assuming two HARQ processes and a 2-bit bitmap (MSB HARQ Process#0, LSB HARQ process#1), where 0 means HARQ feedback disabled and 1 means HARQ feedback enabled.

	00
· Applying Option 3 to HARQ process#0, it should be possible to reverse the HARQ feedback from 0 to 1. That is, passing from Disabled HARQ feedback to Enabled HARQ feedback.

· Applying Option 3 to HARQ process#1, it should be possible to reverse the HARQ feedback from 0 to 1. That is, passing from Disabled HARQ feedback to Enabled HARQ feedback.
	01
· Applying Option 3 to HARQ process#0, it should be possible to reverse the HARQ feedback from 0 to 1. That is, passing from Disabled HARQ feedback to Enabled HARQ feedback.

· Applying Option 3 to HARQ process#1, it should be possible to reverse the HARQ feedback from 1 to 0. That is, passing from Enabled HARQ feedback to Disabled HARQ feedback.
	10
· Applying Option 3 to HARQ process#0, it should be possible to reverse the HARQ feedback from 1 to 0. That is, passing from Enabled HARQ feedback to Disabled HARQ feedback.

· Applying Option 3 to HARQ process#1, it should be possible to reverse the HARQ feedback from 0 to 1. That is, passing from Disabled HARQ feedback to Enabled HARQ feedback.
	11
· Applying Option 3 to HARQ process#0, it should be possible to reverse the HARQ feedback from 1 to 0. That is, passing from Enabled HARQ feedback to Disabled HARQ feedback.

· Applying Option 3 to HARQ process#1, it should be possible to reverse the HARQ feedback from 1 to 0. That is, passing from Enabled HARQ feedback to Disabled HARQ feedback.



Due that “Option A-4” is “applied to both semi-statically HARQ disabled and enabled processes,” then 1-bit can be used to indicate HARQ feedback No-Reversed/Reversed.
[bookmark: _Toc134801042]For “Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured,” the proponents of “Option A-4” mentioned that only 1-bit is needed to indicate HARQ feedback No-Reversed/Reversed, this approach will offer DCI-design commonality with “Option B” that in principle requires an ON/OFF approach where 1-bit would be used to indicate HARQ feedback Enabled/Disabled.
2.1.2	Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured (i.e. no bitmap is configured)
According with the agreement from RAN1# 112-bis-e, Option B is described as follows:
	· [bookmark: _Hlk133484557]Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured (i.e. no bitmap is configured)
· DCI-based mechanism is DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission
· For single TB scheduled by DCI, DCI-based direct indication is applied to the scheduled TB
· FFS for multiple TBs scheduled by single DCI



For “Option B” it is stated that the “DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured (i.e. no bitmap is configured),” and that “DCI-based mechanism is DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission,” where “For single TB scheduled by DCI, DCI-based direct indication is applied to the scheduled TB”.

Due that with “Option B” the “DCI-based mechanism is DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission,” then 1-bit can be used to indicate HARQ feedback Enabled/Disabled.

[bookmark: _Toc134801043]For “Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured (i.e. no bitmap is configured),” the DCI-design requires a straight ON/OFF approach where 1-bit would be used to indicate HARQ feedback Enabled/Disabled.
Towards the end of RAN1# 112-bis-e, the following agreement was reached touching upon the DCI-design for “Option B”:
	[Proposal 1-8c]
For single TB scheduled by DCI                               
· For DCI-based direct indication, down select one of the following based on the criteria DCI overhead, PDCCH monitoring behavior, impact on scheduling flexibility, UE implementation complexity, etc
· Option 1: Indication by adding one field in DCI (e.g., 1-bit) 
· Note: Other fields in DCI are the same as legacy.
· Option 2: Indication by reusing/reinterpreting existing field in DCI
· Option 2A: HARQ-ACK related field 
· 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
· 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
· Option 2B: MCS or repetition number field
· Reduce 1bit of legacy MCS or repetition number field and add 1bit new field in DCI format 6-1B and N1 to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced MCS or repetition number field
· Option 2C: HARQ-ACK related field v2
· For eMTC CE mode B, reduce 1bit of legacy “HARQ-ACK resource offset” field and add 1bit new field in DCI format 6-1B to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced “HARQ-ACK resource offset” field
· For NBIoT, reduce 1bit of legacy “HARQ-ACK resource” field and add 1bit new field in DCI format N1 to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced “HARQ-ACK resource” field
Option 2D: Other indication by reusing/reinterpreting existing field



From the listed alternatives touching upon the DCI-design for “Option B,” in our view an “ON/OFF” approach should be followed as to simply indicate HARQ feedback Enabled/Disabled using 1-bit. In line with it, from the listed candidates in “[Proposal 1-8c]” we prefer either “Option 1” or “Option 2C” since both offer a symmetric design for LTE-MTC and NB-IoT using an “ON/OFF” approach:
“Option 1:” refers to an “Indication by adding one field in DCI (e.g., 1-bit) -	Note: Other fields in DCI are the same as legacy.”. In our view, “Option 1” is feasible since increasing the DCI payload size by 1-bit is not expected to impact the decoding performance (perhaps only a fraction of dB).
“Option 2C” refers that “For eMTC CE mode B, reduce 1bit of legacy “HARQ-ACK resource offset” field and add 1bit new field in DCI format 6-1B to indicate the HARQ feedback enabled/disabled,” whereas “For NBIoT, reduce 1bit of legacy “HARQ-ACK resource” field and add 1bit new field in DCI format N1 to indicate the HARQ feedback enabled/disabled”. In our view, “Option 2C” is feasible and slightly preferred based on the following reasoning: if to overcome the long RTT it is foreseen that most of the UEs will operate with HARQ feedback disabled (which won’t transmit PUCCH), then perhaps there is less need for having full-flexibility in the legacy mechanism used to avoid UEs transmitting on same PUCCH resource. If this assumption is envisioned to hold true, then the legacy DCI field “HARQ-ACK resource offset” consisting of 2-bits can perhaps be reduced to 1-bit as to use the other 1-bit for introducing a 1-bit DCI field for the “DCI-based overriding mechanism”.

[bookmark: _Toc134801024]For “Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured,” the DCI-design follows an ON/OFF approach where 1-bit would be used to indicate HARQ feedback Enabled/Disabled.
· [bookmark: _Toc134801025]“Option 2A” or “Option 2C” is selected (either of them will offer a symmetric design for LTE-MTC and NB-IoT based on an ON/OFF approach using 1-bit).
4	Follow-up: “(N)PDSCH/(N)PDCCH scheduling restriction”
In sections 4.1 and 4.2 we discuss the “(N)PDSCH/(N)PDCCH scheduling restriction” for NB-IoT and LTE-MTC respectively.
4.1	NB-IoT on “how to support enabling and disabling HARQ feedback for downlink transmissions”
In RAN1# 110-bis-e, the following was endorsed over e-mail [4]:
	Agreement
[bookmark: _Hlk117589493]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.




During the discussions companies aligned views on how to interpret and apply the endorsed wording when all HARQ processes have their “HARQ feedback disabled” as illustrated in Table 2. 
Table 2 Endorsed wording behaviour for a scenario with two HARQ processes both with disabled HARQ feedback
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Note: The arrow pointing downwards “↓” refers to the earliest subframe from which the subsequent NPDCCH can be received.
Beyond handling a scenario where all HARQ processes have been disabled, there is also a need for handling more complex scenarios where some of the HARQ processes have their HARQ feedback enabled whereas some other ones have their HARQ feedback disabled. On this matter, the “endorsed wording” from RAN1# 110-bis cannot handle those hybrid enabling/disabling scenarios on its own, hence the “endorsed wording” should be applied and combined with legacy statements.
[bookmark: _Toc134801044]The “scheduling restriction for NB-IoT” endorsed in RAN1# 110-bis-e can handle a scenario where all HARQ processes have their HARQ feedback disabled. However, it cannot handle on its own more complex scenarios (i.e., “hybrid enabling/disabling scenario”) and therefore it must be applied and combined with legacy statements.
During RAN1# 111, there was an informal discussion on this issue with a couple of Delegates from which we started to identify the parts of the technical specifications that will have to be combined with the “endorsed scheduling restriction from RAN1# 110-bis-e” to handle hybrid enabling/disabling scenarios accounting for: 1) The additional “no-monitoring rule” when there is an NPUSCH Format 2 transmission, 2) The avoidance of a Tx/Rx issue, and 3) Having time for re-tunning (UL-to-DL) when there is an NPUSCH Format 2 transmission. As a follow-up on it, Table 3 summarizes the identified clauses:
Table 3 Complementary legacy statements for the “scheduling restriction of NB-IoT” to handle more complex scenarios (i.e., “hybrid enabling/disabling HARQ feedback scenarios”).
	Complementary legacy statements for the “scheduling restriction of NB-IoT” to handle “hybrid enabling/disabling HARQ feedback scenarios”
	Clause and Technical Specification

	1) An additional “no-monitoring rule” when there is an NPUSCH Format 2 transmission
	Clause 16.6 of TS 36.213

	2) Avoidance of a Tx/Rx issue: half-duplex FDD operation for Frame structure type 1
	Clause 4.1 of TS 36.211

	3) Having time for re-tunning (UL-to-DL) when there is an NPUSCH Format 2 transmission: “half-duplex guard subframe” for Type-B half-duplex FDD operation
	Clauses 6.2.5, 10.2.2.3 of TS 36.211



The diagram below shows how the “scheduling restriction for NB-IoT” endorsed in RAN1# 110-bis-e can handle a “hybrid enabling/disabling HARQ feedback scenario” when properly applied and combined with the legacy procedures in the clauses summarized in Table 3.
· “Scheduling Restriction” when the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled.

Table 4 Endorsed wording behaviour when combined with legacy rules in a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Half-duplex FDD operation Clause 4.1 of TS 36.211
	guard subframe Clauses 6.2.5 & 10.2.2.3 of TS 36.211
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Note: The arrow pointing downwards “↓” refers to the earliest subframe from which the subsequent NPDCCH for the HARQ process with “HARQ feedback disabled” can be received.
[bookmark: _Toc134801026]Conclusion: It is RAN1 understanding that in scenarios having HARQ processes with HARQ feedback enabled and disabled, the “scheduling restriction for NB-IoT” is also applicable when combined with legacy procedures to avoid issues related with e.g., a simultaneous Transmission/Reception, or not having time to perform an UL-to-DL re-tunning.
4.2	LTE-MTC on “how to support enabling and disabling HARQ feedback for downlink transmissions” 
In RAN1# 111, the “scheduling restriction” for LTE-MTC was agreed to be as follows:
	Agreement
For a DL HARQ process with disabled HARQ feedback in eMTC, UE is not expected to receive another MPDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding MPDCCH for the given HARQ process that starts at a BL/CE DL subframe until X=3 (ms) have passed after the end of the reception of the last PDSCH for that HARQ process. 



As it happens with NB-IoT, the proposed “scheduling restriction” for LTE-MTC cannot handle on its own more complex scenarios (i.e., “hybrid enabling/disabling scenario”) and therefore it must be applied and combined with the legacy procedures in Table 5. 
Table 5 Complementary legacy statements for the “scheduling restriction of NB-IoT” to handle more complex scenarios (i.e., “hybrid enabling/disabling HARQ feedback scenarios”).
	Complementary legacy statements for the “scheduling restriction of LTE-MTC” to handle “hybrid enabling/disabling HARQ feedback scenarios”
	Clause and Technical Specification

	1) Avoidance of a Tx/Rx issue: half-duplex FDD operation for Frame structure type 1.
	Clause 4.1 of TS 36.211

	2) Having time for re-tunning (UL-to-DL) when there is a PUCCH transmission: “half-duplex guard subframe” for Type-B half-duplex FDD operation.
	Clause 6.2.5, 10.2.2.3 of TS 36.211



[bookmark: _Toc134801045]The “scheduling restriction for LTE-MTC”, can handle a scenario where all HARQ processes have their HARQ feedback disabled. However, it cannot handle on its own more complex scenarios (i.e., “hybrid enabling/disabling scenario”) and therefore it must be applied and combined with legacy statements.
The diagram below shows how the proposed “scheduling restriction for LTE-MTC” can handle a “hybrid enabling/disabling HARQ feedback scenario” when properly applied and combined with the legacy procedures in the clauses summarized in Table 5.
· “Scheduling Restriction” when there are 10 HARQ processes, where the 1st HARQ process has “HARQ feedback” enabled and all other HARQ processes have their “HARQ feedback” disabled.

Table 6 “Scheduling restriction for LTE-MTC” when combined with legacy rules in a scenario with 10 HARQ processes, where the 1st HARQ process has “HARQ feedback” enabled and all other HARQ processes have their “HARQ feedback” disabled
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	No-monitoring MPDCCH for HARQ# 1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	No-monitoring MPDCCH for HARQ# 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	No-monitoring MPDCCH for HARQ# 3
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Note 1: The arrow pointing downwards “↓” refers to the earliest BL/CE DL subframe from which the subsequent MPDCCH for the HARQ process #0 can be received.
Note 2: Overall, the question marks “?” are intended to reflect that the HARQ processes to be referred depend on previous network’s decisions.

[bookmark: _Toc134801027]Conclusion: It is RAN1 understanding that in scenarios having HARQ processes with HARQ feedback enabled and disabled, the “scheduling restriction for LTE-MTC” is also applicable when combined with legacy procedures to avoid issues related with e.g., a simultaneous Transmission/Reception, or not having time to perform an UL-to-DL re-tunning. 
5	Other topics 
5.1	Support of enabling/disabling HARQ feedback with SPS
In our understanding SPS works on a pre-configuration basis, thus which HARQ processes are enabled/disabled would have to be added as part of the SPS configuration (i.e., along with MCS, number of repetitions, etc). It is important to recall that SPS is only applicable in CE Mode A. Moreover, according with legacy SPS can be overridden at any time by a dynamic scheduling. In RAN1# 112, the following agreement and conclusion were reached:
	Agreement
For HARQ feedback for eMTC SPS PDSCH, at least the following is supported: UE follows the per-process HARQ feedback enabled/disabled configuration for the associated HARQ process except for the first SPS PDSCH after activation
· for the first SPS PDSCH after activation,
· Option 1: If HARQ feedback for SPS activation is additionally enabled, ACK/NACK is reported by UE for the first SPS PDSCH after activation regardless of network configuration of enabled/disabled for this HARQ process, and follow per-process HARQ feedback enabled/disabled configuration otherwise.
Conclusion
For DCI indicating SPS PDSCH release, HARQ-ACK report is performed as legacy in eMTC, regardless of HARQ feedback enabled/disabled configuration.



There is an “at least” in the SPS agreement, but at first glance nothing else seems to be needed (especially because to our knowledge there is no FSS touching upon SPS).
5.2	Support of enabling/disabling HARQ feedback with HARQ-ACK bundling
Touching upon HARQ ACK bundling, the following conclusion was reached:
	Conclusion
For eMTC HD-FDD single TB scheduled by single DCI, UE is not expected to receive a DCI with “HARQ-ACK bundling flag” field set to 1 in case the corresponding HARQ process is configured with HARQ feedback disabled by RRC signaling.




[bookmark: _Toc134801046]Based on the conclusion from RAN1# 112, the HARQ processes with HARQ feedback disabled will by default set the “HARQ-ACK bundling flag to 0”, this way those HARQ processes with HARQ feedback disabled won’t be “Transport blocks in a bundle” and there won’t be a need to indicate a “HARQ-ACK delay” for them. If there were other HARQ processes with HARQ feedback enabled, there should not be a co-existence problem since for those HARQ processes with HARQ feedback enabled, the “HARQ-ACK bundling flag” will be set to 1 for them to be “Transport blocks in a bundle,” then the “HARQ-ACK delay” can be used to group them (i.e., bundle them) as desired by the network without having to create any additional spec impact.
[bookmark: _Toc134801028]Conclusion: HARQ feedback with and without using HARQ-ACK bundling is reported only for HARQ process with HARQ feedback enabled (i.e., HARQ feedback is not reported for HARQ processes with HARQ feedback disabled).
5.3	Support of enabling/disabling HARQ feedback with Multi-TB
LTE-MTC:
[bookmark: _Hlk122100763]Multi-TB grant allows scheduling with a single DCI up to 8 TBs in CE mode A, and up to 4 TBs in CE mode B. On the other hand, up 2 HARQ processes are supported in CE ModeB.
NB-IoT:
Multi-TB grant allows scheduling of up to two transport blocks (TB) with a single DCI for a downlink unicast transmission.
[bookmark: _Toc134801047]For LTE-MTC/NB-IoT, enabled/disabled HARQ feedback can be used along with multiple TBs scheduled by single DCI. The Multi-TB grant feature has embedded enough flexibility as to leave up to the eNodeB which HARQ processes are to be scheduled together using a single DCI, and yet for a given transmission is up to the eNodeB whether “a single TB is scheduled” or “multiple TB are scheduled”.
Touching upon Multi-TB grant, in RAN1 #112 the following proposals were included in the FLS [4]:
	[Proposal 5-1a]: 
· 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 5-2a]: 
· 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



[bookmark: _Toc134801029]As a follow-up on [Proposal 5-1a] and [Proposal 5-2a] in the FLS from RAN1# 112-bis-e, our view (as to be consistent with proposal 4) is as follows:
· [bookmark: _Toc134801030][Proposal 5-1a]: “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 feedback disabled)”.
· [bookmark: _Toc134801031][Proposal 5-2a]: “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 feedback disabled)”.
6	LS from RAN2 on “HARQ Enhancements”
In RAN2# 121-bis-e, an LS to RAN1 was agreed to be sent including the following information [5]:
	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.

Agreements 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. 



In relation with the above, the following questions were formulated:
	
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?  
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.





[bookmark: _Hlk133590303]Below we provide our view on the questions in LS entitled “LS on HARQ Enhancements” [5], from both an LTE-MTC and NB-IoT perspective.
6.1	View on “Question 1” in the RAN2 LS on “HARQ enhancements”
6.1.1	“Question 1a” for NB-IoT-NTN
“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?”
For NB-IoT, TS 36.213 clause 16.6 includes the following statement touching upon “Question 1”:
	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
[bookmark: _Hlk133505327]-	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;



Overall, the procedure in TS 36.213 clause 16.6 means that it will be up to the eNodeB to either schedule the subsequent UL-Grant as function of the received ACK/NACK (i.e., wait till the RTT has passed) or to blindly (re-)transmit right after “n+1 to subframe n+ Kmac +3” has passed.
Note: “Kmac” can be zero or different than zero to extend the no-monitoring time (in terms of ms) when needed. “Kmac” is different than zero when an UL time sync reference point other than the eNB has been used (e.g., satellite), but “Kmac” does not encompass the RTT.
Thus, the answer to “Question 1” is precisely the highlighted text in the specification cited above. That is, the subsequent UL grant for the same HARQ process can be received by the UE once “n+1 to subframe n+Kmac+3” has passed.
[bookmark: _Toc134801048]According with the procedure in TS 36.213 clause 16.6, the eNodeB can schedule the subsequent UL-Grant either as function of the received ACK/NACK (i.e., wait till the RTT has passed, in line with “HARQ mode A”) or blindly as to (re-)transmit right after “n+1 to subframe n+ Kmac +3” have passed (in line with “HARQ mode B”).
[bookmark: _Toc134801032]The answer to Question 1a 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 “n+1 to subframe n+ Kmac +3” according with TS 36.213 clause 16.6. Thus, no specification impact needed.
6.1.1	“Question 1b” for LTE-MTC
“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?”
The legacy procedures for LTE-MTC touching upon the “the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process” are cited below:
	“Minimum delay between MPDCCH and PUSCH”
	“Minimum delay between PUSCH and the subsequent MPDCCH”

	TS 36.213 clause 8.0
	TS 36.211 clause 6.2.5

	A BL/CE UE shall upon detection on a given serving cell of an MPDCCH with DCI format 6-0A/6-0B scheduling PUSCH intended for the UE, perform a corresponding PUSCH transmission in subframe(s) ni = n+ki+Koffset if a transport block(s) corresponding to the HARQ process(es) of the PUSCH transmission is generated as described in [8] with i = 0, 1, …, NTBN-1 according to the MPDCCH, where
-      subframe n is the last subframe in which the MPDCCH is transmitted; 
-      the value of [image: ]is the number of scheduled TB determined by the corresponding DCI if present, [image: ] otherwise;
.
.
.
-                 for FDD, x = 4;
	For type A half-duplex FDD operation, a guard period is created by the UE by 
-      not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE. 
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.




The legacy procedure above does not account for the RTT, which implies blind (re-)transmissions are also allowed for LTE-MTC in NTN since the subsequent UL grant can be received by the UE once the minimum time in the highlighted text above has passed.

[bookmark: _Toc134801049][bookmark: _Hlk133593736]According with the procedure in TS 36.213 clause 8 and TS 36.211 clause 6.2.5, the eNodeB can schedule the subsequent UL-Grant either as function of the received ACK/NACK (i.e., wait till the RTT has passed) or blindly as to (re-)transmit right after the “guard period” has passed”).
[bookmark: _Toc134801033]The answer to Question 1b is: “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 a “guard period (i.e., one subframe)” according with TS 36.213 clause 8 and TS 36.211 clause 6.2.5. Thus, no specification impact needed.
6.2	View on “Question 2” in the RAN2 LS on “HARQ enhancements”
“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”

[bookmark: _Toc134801050]“Question 2” refers to “UL multiple TB scheduling,” it is important to highlight that the assumption towards answering the question is that for all HARQ processes HARQ feedback is always enabled since there hasn’t been any discussion to disable HARQ feedback for an UL Grant. 
In TS 36.212 clause 5.3.3.1.10, the following statements can be found touching upon “Question 2”:

	If ce-PUSCH-MultiTB-Config is not enabled and the Resource block assignment in format 6-0A is set to all ones, or ce-PUSCH-MultiTB-Config is enabled and mpdcch-UL-HARQ-ACK-FeedbackConfig is configured and the 6 MSB bits of the Scheduling TBs for Unicast Field are set to '110111', format 6-0A is used for the indication of ACK feedback. 8 bits including the 6 LSB bits of the Scheduling TBs for Unicast Field and 2 MSB bits of Repetition number are used to indicate HARQ-ACK by bitmap, where the order of the bitmap to HARQ process index mapping is such that HARQ process indices are mapped in ascending order from MSB to LSB of the bitmap. For each bit of the bitmap, value 1 indicates ACK, and value 0 is reserved. And all the remaining bits except Flag format 6-0A/format 6-1A differentiation and DCI subframe repetition number are set to zero.




[bookmark: _Toc134801051]Touching upon “Question 2,” from TS 36.212 clause 5.3.3.1.10, in our understanding for “UL multiple TB scheduling,” it is possible to indicate “HARQ ACK by bitmap,” hence “Case 3” should be supported as to have full-flexibility. If a technical issue were found with supporting “Case 3,” then “Case 2” should be supported since “HARQ mode B” opens the possibility of alleviating the HARQ stalling.

[bookmark: _Toc134801034]For “Question 2,” Case 3 where “some HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A and the others are configured with HARQ mode B” should be supported, since for “UL multiple TB scheduling” it is possible to indicate “HARQ ACK by bitmap”.
6.3	Answer to “Question 3” in the RAN2 LS on “HARQ enhancements”
As “Question 3,” the LS from RAN2 mentions the following:
	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.



[bookmark: _Toc134801052]Different than the scheduling restriction for LTE-MTC, the scheduling restriction for NB-IoT is “for all HARQ processes,” please note that 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.
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[bookmark: _Toc134801035]For “Question 3,” the answer is as per “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”. Please note that 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.
7	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	For “Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured,” in our understanding it is possible to achieve full-flexibility via a proper configuration of the “HARQ feedback bitmap” regardless of whether “Option A-1” or “Option A-4” were chosen.
Observation 2	For “Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured,” towards down-selecting between “Option A-1” or “Option A-4”, the option offering commonality DCI-design-wise with respect to “Option B” (where only DCI solution enabling/disabling signaling is configured) should be the one to be selected.
Observation 3	For “Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured,” the proponents of “Option A-1” so far have suggested to make use of a state(s) of an existing DCI field (e.g., 1 state out of the 16 states in the “ACK/NACK resource field” will indicate HARQ feedback disable), the problem with this approach is that it won’t offer DCI-design commonality with “Option B” that in principle requires an ON/OFF approach where 1-bit would be used to indicate HARQ feedback Enabled/Disabled.
Observation 4	For “Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured,” the proponents of “Option A-4” mentioned that only 1-bit is needed to indicate HARQ feedback No-Reversed/Reversed, this approach will offer DCI-design commonality with “Option B” that in principle requires an ON/OFF approach where 1-bit would be used to indicate HARQ feedback Enabled/Disabled.
Observation 5	For “Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured (i.e. no bitmap is configured),” the DCI-design requires a straight ON/OFF approach where 1-bit would be used to indicate HARQ feedback Enabled/Disabled.
Observation 6	The “scheduling restriction for NB-IoT” endorsed in RAN1# 110-bis-e can handle a scenario where all HARQ processes have their HARQ feedback disabled. However, it cannot handle on its own more complex scenarios (i.e., “hybrid enabling/disabling scenario”) and therefore it must be applied and combined with legacy statements.
Observation 7	The “scheduling restriction for LTE-MTC”, can handle a scenario where all HARQ processes have their HARQ feedback disabled. However, it cannot handle on its own more complex scenarios (i.e., “hybrid enabling/disabling scenario”) and therefore it must be applied and combined with legacy statements.
Observation 8	Based on the conclusion from RAN1# 112, the HARQ processes with HARQ feedback disabled will by default set the “HARQ-ACK bundling flag to 0”, this way those HARQ processes with HARQ feedback disabled won’t be “Transport blocks in a bundle” and there won’t be a need to indicate a “HARQ-ACK delay” for them. If there were other HARQ processes with HARQ feedback enabled, there should not be a co-existence problem since for those HARQ processes with HARQ feedback enabled, the “HARQ-ACK bundling flag” will be set to 1 for them to be “Transport blocks in a bundle,” then the “HARQ-ACK delay” can be used to group them (i.e., bundle them) as desired by the network without having to create any additional spec impact.
Observation 9	For LTE-MTC/NB-IoT, enabled/disabled HARQ feedback can be used along with multiple TBs scheduled by single DCI. The Multi-TB grant feature has embedded enough flexibility as to leave up to the eNodeB which HARQ processes are to be scheduled together using a single DCI, and yet for a given transmission is up to the eNodeB whether “a single TB is scheduled” or “multiple TB are scheduled”.
Observation 10	According with the procedure in TS 36.213 clause 16.6, the eNodeB can schedule the subsequent UL-Grant either as function of the received ACK/NACK (i.e., wait till the RTT has passed, in line with “HARQ mode A”) or blindly as to (re-)transmit right after “n+1 to subframe n+ Kmac +3” have passed (in line with “HARQ mode B”).
Observation 11	According with the procedure in TS 36.213 clause 8 and TS 36.211 clause 6.2.5, the eNodeB can schedule the subsequent UL-Grant either as function of the received ACK/NACK (i.e., wait till the RTT has passed) or blindly as to (re-)transmit right after the “guard period” has passed”).
Observation 12	“Question 2” refers to “UL multiple TB scheduling,” it is important to highlight that the assumption towards answering the question is that for all HARQ processes HARQ feedback is always enabled since there hasn’t been any discussion to disable HARQ feedback for an UL Grant.
Observation 13	Touching upon “Question 2,” from TS 36.212 clause 5.3.3.1.10, in our understanding for “UL multiple TB scheduling,” it is possible to indicate “HARQ ACK by bitmap,” hence “Case 3” should be supported as to have full-flexibility. If a technical issue were found with supporting “Case 3,” then “Case 2” should be supported since “HARQ mode B” opens the possibility of alleviating the HARQ stalling.
Observation 14	Different than the scheduling restriction for LTE-MTC, the scheduling restriction for NB-IoT is “for all HARQ processes,” please note that 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.
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Based on the discussion in the previous sections we propose the following:

Proposal 1	For “Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured,” the DCI-design follows an ON/OFF approach where 1-bit would be used to indicate HARQ feedback Enabled/Disabled.
	“Option 2A” or “Option 2C” is selected (either of them will offer a symmetric design for LTE-MTC and NB-IoT based on an ON/OFF approach using 1-bit).
Proposal 2	Conclusion: It is RAN1 understanding that in scenarios having HARQ processes with HARQ feedback enabled and disabled, the “scheduling restriction for NB-IoT” is also applicable when combined with legacy procedures to avoid issues related with e.g., a simultaneous Transmission/Reception, or not having time to perform an UL-to-DL re-tunning.
Proposal 3	Conclusion: It is RAN1 understanding that in scenarios having HARQ processes with HARQ feedback enabled and disabled, the “scheduling restriction for LTE-MTC” is also applicable when combined with legacy procedures to avoid issues related with e.g., a simultaneous Transmission/Reception, or not having time to perform an UL-to-DL re-tunning.
Proposal 4	Conclusion: HARQ feedback with and without using HARQ-ACK bundling is reported only for HARQ process with HARQ feedback enabled (i.e., HARQ feedback is not reported for HARQ processes with HARQ feedback disabled).
Proposal 5	As a follow-up on [Proposal 5-1a] and [Proposal 5-2a] in the FLS from RAN1# 112-bis-e, our view (as to be consistent with proposal 4) is as follows:
	[Proposal 5-1a]: “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 feedback disabled)”.
	[Proposal 5-2a]: “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 feedback disabled)”.
Proposal 6	The answer to Question 1a 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 “n+1 to subframe n+ Kmac +3” according with TS 36.213 clause 16.6. Thus, no specification impact needed.
Proposal 7	The answer to Question 1b is: “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 a “guard period (i.e., one subframe)” according with TS 36.213 clause 8 and TS 36.211 clause 6.2.5. Thus, no specification impact needed.
Proposal 8	For “Question 2,” Case 3 where “some HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A and the others are configured with HARQ mode B” should be supported, since for “UL multiple TB scheduling” it is possible to indicate “HARQ ACK by bitmap”.
Proposal 9	For “Question 3,” the answer is as per “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”. Please note that 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.
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Annex 1	Payload sizes comparison of DCI Format 6-0B and DCI Format 6-1B 
For the feature under discussion (i.e., disabling HARQ feedback), depending on the legacy functionalities/features it will support (i.e., legacy fields and procedures on which it relies), the payload size of DCI Format 6-1B may remain smaller than DCI Format 6-0B (i.e., its UL counterpart). Thus, 1-bit among the zeros that are appended to equal the payload sizes can be used to introduce a brand-new field (1-bit) for the “DCI-based overriding mechanism”. 
In Table A-1 and Table A-2 we provide a high-level comparative overview of the payload sizes of DCI Format 6-0B and DCI Format 6-1B depending on the features to be supported along with the disabling HARQ feedback for LTE-MTC over NTN.


Table A-1: Payload sizes of DCI Format 6-0B depending on the features to be supported along with the disabling HARQ feedback for LTE-MTC over NTN
	DCI Format 6-0B (Uplink)

	
	Basic
	Sub-PRB
	PUR + sub-PRB
	Multi-TB & sub-PRB

	Flag for format 6-0B/format 6-1B differentiation
	1-bit
	1-bit
	1-bit
	1-bit

	Flag for sub-PRB resource allocation
	-
	1-bit
	1-bit
	1-bit


	Modulation and coding scheme
	4-bits
	3-bits
	4-bits
	-

	Resource block assignment 
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+3
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+4
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+ 4
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+ 4

	ACK or Fallback indicator
	-
	-
	1-bit
	-

	PUSCH repetition adjustment
	-
	-
	3-bits
	-

	Timing advance adjustment
	-
	-
	6-bits
	-

	Number of resource units
	-
	1-bit
	-
	1-bit

	Repetition number
	3-bits
	3-bits
	-
	3-bits

	HARQ process number
	1-bit
	1-bit
	-
	-

	New data indicator
	1-bit
	1-bit
	-
	-

	DCI subframe repetition number
	2-bits
	2-bits
	-
	2-bits

	Scheduling TBs for Unicast – 10 bits
	-
	-
	-
	10bits

	Resource reservation
	-
	-
	-
	-

	Total number of bits
	Resource block assignment + 12-bits =

	BW (MHz)
	Bits
	Total 

	1.4
	0+3
	

+12
	15

	3
	1+3
	
	16

	5
	2+3
	
	17

	10
	3+3
	
	18

	15
	4+3
	
	19

	20
	4+3
	
	19




	Resource block assignment + 13-bits =

	BW (MHz)
	Bits
	Total 

	1.4
	0+4
	

+13
	17

	3
	1+4
	
	18

	5
	2+4
	
	19

	10
	3+4
	
	20

	15
	4+4
	
	21

	20
	4+4
	
	21





	Resource block assignment + 16-bits =

	BW (MHz)
	Bits
	Total 

	1.4
	0+4
	

+16
	20

	3
	1+4
	
	21

	5
	2+4
	
	22

	10
	3+4
	
	23

	15
	4+4
	
	24

	20
	4+4
	
	24



	Resource block assignment + 18-bits =


	BW (MHz)
	Bits
	Total

	1.4
	0+4
	

+18
	22

	3
	1+4
	
	23

	5
	2+4
	
	24

	10
	3+4
	
	25

	15
	4+4
	
	26

	20
	4+4
	
	26






Table A-2: Payload sizes of DCI Format 6-1B depending on the features to be supported along with the disabling HARQ feedback for LTE-MTC over NTN
	DCI Format 6-1B (Downlink)

	
	Basic
	PUR
	Multi-TB

	Flag for format 6-0B/format 6-1B differentiation
	1-bit
	1-bit
	1-bit

	Modulation and coding scheme
	4-bits
	4-bits
	-

	Resource block assignment 
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+ up to 5-bits
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+ up to 5-bits
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+ up to 5-bits

	Repetition number
	3-bits
	3-bits
	3-bits

	HARQ process number
	1-bit
	1-bit
	-

	New data indicator
	1-bit
	1-bit
	-

	HARQ-ACK resource offset
	2-bits
	2-bits
	2-bits

	DCI subframe repetition number
	2-bits
	2-bits
	2-bits

	Scheduling TBs for Unicast
	-
	-
	10-bits

	Resource reservation
	-
	-
	-

	Total number of bits
Cat-M1 1.4 MHz UE BW
	Resource block assignment +14-bits =

	BW (MHz)
	Bits
	Total 

	1.4
	0+1
	

+14
	15

	3
	1+1
	
	16

	5
	2+1
	
	17

	10
	3+1
	
	18

	15
	4+1
	
	19

	20
	4+1
	
	19




	Resource block assignment +14-bits =

	BW (MHz)
	Bits
	Total 

	1.4
	0+1
	

+14
	15

	3
	1+1
	
	16

	5
	2+1
	
	17

	10
	3+1
	
	18

	15
	4+1
	
	19

	20
	4+1
	
	19



	Resource block assignment +18-bits =

	BW (MHz)
	Bits
	Total 

	1.4
	0+1
	

+18
	19

	3
	1+1
	
	20

	5
	2+1
	
	21

	10
	3+1
	
	22

	15
	4+1
	
	23

	20
	4+1
	
	23







The ultimate counting will depend on the legacy features to be supported along with the Rel-18 “Disabling HARQ feedback” feature and whether those legacy features apply exactly (e.g., with the same degree of flexibility) as they apply in terrestrial network or not.
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