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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.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Overall view on enabling/disabling HARQ feedback for IoT-NTN
Although the large roundtrip delays between UE and eNodeB can in principle suggest that in IoT NTN the HARQ feedback should be disabled, using existing functionalities embedded into the LTE-MTC and NB-IoT features make possible obtaining non-negligible data rates (i.e., in the order of hundreds of kbps) in some scenarios as shown in [2].
[bookmark: _Toc111112450]Although disabling HARQ feedback can be beneficial, in IoT NTN there is a variety of scenarios and in some cases keeping HARQ feedback enabled is possible without incurring into the so called “HARQ stalling” issue.
[bookmark: _Toc111112451]Alleviating the “HARQ stalling” issue through disabling HARQ feedback comes at the cost of compromising reliability, and not all possible IoT NTN scenarios need to sacrifice reliability.
[bookmark: _Toc111112452]The IoT NTN technology should have the possibility of disabling/enabling the HARQ feedback on a per-need basis to deal with a variety of IoT NTN scenarios.
[bookmark: _Toc111112453][bookmark: _Hlk104367867]To keep the HARQ feedback enabled, the Rel-17 state-of-art features for LTE-MTC and NB-IoT can be used with no further optimization to mitigate the HARQ stalling on UE data rates.
[bookmark: _Toc111112454]In RAN1# 109e, there were agreements for IoT NTN considering both approaches i.e., enabling/disabling HARQ feedback [3].
The agreements reached in RAN1# 109e, were related to “configure/indicate enabling/disabling on HARQ feedback for downlink transmission” and to “further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission” [3], which are discussed in section 3 and 4 respectively.
3	Follow-up: “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission”
In RAN1# 109-e, the following agreement was reached touching upon “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission”:
	Agreement
For IoT NTN, to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, one or more of the following options can be considered:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 2: per HARQ process via SIB signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly determined by existing configured/indicated parameter(s) (e.g., repetition number, TBS)
· Option 5: per HARQ process via MAC CE
· Other options or combinations are not excluded
Note: Option(s) for eMTC and NBIoT can be separately discussed.


The agreement above is discussed for LTE-MTC and NB-IoT separately in sections 3.1 and 3.2 respectively.
3.1	LTE-MTC on “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission”
For LTE-MTC, the “HARQ process number” is indicated dynamically via DCI Formats 6-1A and 6-1B for CE Mode A and CE Mode B respectively. In Rel-18 for IoT-NTN, it will be natural to indicate as a complementary information whether the HARQ feedback is enabled or disabled for such “HARQ process number”.
Enabling/Disabling HARQ feedback via DCI will be beneficial to adapt faster to changes in the IoT-NTN scenarios. Otherwise, using a semi-static indication via RRC signalling will require performing first a re-configuration to enabling/disabling HARQ feedback. 
Moreover, it has been mentioned that the potential support of SPS for IoT NTN could be a reason for not supporting a dynamic indication, however SPS is only available in CE Mode A, in legacy SPS can be overridden at any time by a dynamic scheduling, and if SPS were supported in IoT NTN whether HARQ feedback is enabled or disabled could be added as part of its configuration, thus SPS does not seem to be a showstopper.
[bookmark: _Toc111112455][bookmark: _Hlk109730070]To indicate whether HARQ feedback is enabled/disabled for “LTE-MTC over NTN”, the following advantages have been identified if dynamic signalling via DCI is used:
· [bookmark: _Toc111112456]In legacy, the “HARQ process number” is indicated via DCI in both CE Mode A and B, thus as complementary information it can be indicated whether such “HARQ process number” will use HARQ feedback enabled/disabled.
· [bookmark: _Toc111112457]Dynamic signalling will allow adapting faster to changes/variations in the IoT-NTN scenarios. Otherwise, e.g., with RRC signalling, it will be required performing first a re-configuration to enabling/disabling HARQ feedback before being able to act on the scenario’s needs.
[bookmark: _Toc111112522]For “LTE-MTC over NTN” to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, RAN1 down-selects between “Option 1 (i.e., semi-static signalling via RRC)” and “Option 3 (i.e., dynamic signalling via DCI)”, FFS details.
3.2	NB-IoT on “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission”
For NB-IoT, there are up to two HARQ processes available and similarly to LTE-MTC the “HARQ process number” is indicated dynamically via DCI Format N1. Thus overall, the same advantages identified in section 3.1 on the usage of dynamic signalling (i.e., DCI) also hold for NB-IoT.
[bookmark: _Toc111112458]To indicate whether HARQ feedback is enabled/disabled for “NB-IoT over NTN”, the following advantages have been identified if dynamic signalling via DCI is used:
· [bookmark: _Toc111112459]In legacy, the “HARQ process number” is indicated via DCI Format N1, thus as complementary information it can be indicated whether such “HARQ process number” will use HARQ feedback enabled/disabled.
· [bookmark: _Toc111112460]Dynamic signalling will allow adapting faster to changes/variations in the IoT-NTN scenarios. Otherwise, e.g., with RRC signalling, it will be required performing first a re-configuration to enabling/disabling HARQ feedback before being able to act on the scenario’s needs.
[bookmark: _Toc111112523]For “NB-IoT over NTN” to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, RAN1 down-selects between “Option 1 (i.e., semi-static signalling via RRC)” and “Option 3 (i.e., dynamic signalling via DCI)”, FFS details.
4	Follow-up: “to further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission”
In RAN1# 109-e, the following agreement was reached touching upon to “further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission”:
	Agreement
[bookmark: _Hlk104287979]For IoT NTN, further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission
· Issue A: SPS PDSCH
· Issue B: (N)PDSCH/(N)PDCCH scheduling restriction
· Issue C: HARQ feedback for scheduling multiple TB
· Issue D: HARQ bundling for eMTC HD-FDD
· Issue F: NPRACH capacity
· Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
· Other issues are not excluded
Note: The “Issues” in common for eMTC and NB-IoT can be separately discussed.


The agreement above is discussed for LTE-MTC and NB-IoT separately in sections 4.1 and 4.2 respectively.
4.1	LTE-MTC on “to further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission”
The “potential issues due to enabling/disabling on HARQ feedback for downlink transmission” can be analysed from a high-level perspective on whether there is an issue per-se from not transmitting PUCCH with the disabling approach. Nonetheless, a complete analysis will depend on the actual candidate solution(s) intended to be used to perform the disabling of HARQ feedback.
[bookmark: _Toc111112461]The “potential issues due to enabling/disabling on HARQ feedback” can in principle be analysed from a high-level perspective on whether no transmitting PUCCH will result to be problematic or unfeasible for a given feature, but the complete analysis will depend on the actual candidate solution(s) performing the disabling approach.
Thus, for “LTE-MTC over NTN” our preliminary views on the issues listed in the agreement from RAN1# 109-e are provided through “Observation 9”:
[bookmark: _Toc111112462]From an “LTE-MTC over NTN” perspective, our preliminary view on the potential issues listed in the agreement from RAN1# 109-e is as follows:
	[bookmark: _Toc104406432][bookmark: _Toc106716371][bookmark: _Toc111112463]Listed issue as per RAN1# 109-e
	[bookmark: _Toc104406433][bookmark: _Toc106716372][bookmark: _Toc111112464]Preliminary view

	[bookmark: _Toc104406434][bookmark: _Toc106716373][bookmark: _Toc111112465]Issue A: SPS PDSCH
	[bookmark: _Toc104406435][bookmark: _Toc106716374][bookmark: _Toc111112466]Using SPS along with enabling/disabling HARQ feedback is foreseen not to be transparent, since it seems that enabling/disabling of HARQ feedback may have to be added as part of the SPS configuration (i.e., along with MCS, number of repetitions, etc). Thus, RAN1 should ponder the importance of SPS for LTE-MTC over NTN as to justify the potential specification impact.

	[bookmark: _Toc104406436][bookmark: _Toc106716375][bookmark: _Toc111112467]Issue B: (N)PDSCH/(N)PDCCH scheduling restriction
	[bookmark: _Toc104406437][bookmark: _Toc106716376][bookmark: _Toc111112468]This issue has to do with “legacy processing delays”. Those “legacy processing delays” are an important part of what makes the IoT technologies having a low complexity and a low cost, thus in our view any design to “disabling the HARQ feedback” should aim to keep the legacy “legacy processing delays” unmodified. We elaborate more on it in section 5.1.

	[bookmark: _Toc104406438][bookmark: _Toc106716377][bookmark: _Toc111112469]Issue C: HARQ feedback for scheduling multiple TB
	[bookmark: _Toc104406439][bookmark: _Toc106716378][bookmark: _Toc111112470]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, hence in CE Mode A Multi-TB grant is outperformed by single TB grant in terms of achievable data rate if single TB grant is used e.g., with 9 or more HARQ processes. On the other hand, up 2 HARQ processes are supported in CE ModeB.
[bookmark: _Toc104406440][bookmark: _Toc106716379][bookmark: _Toc111112471]In principle, when HARQ feedback is disabled, no issue is foreseen on Multi-TB grant nor Single-TB grant from not transmitting PUCCH, at least not as long as the “legacy processing delays” are kept unmodified. Yet, given Single-TB grant can outperform Multi-TB grant it needs to be pondered whether the latter needs to be supported. 

	[bookmark: _Toc104406441][bookmark: _Toc106716380][bookmark: _Toc111112472]Issue D: HARQ bundling for eMTC HD-FDD
	[bookmark: _Toc104406442][bookmark: _Toc106716381][bookmark: _Toc111112473]If enabling/disabling HARQ feedback is applied per HARQ process, then if within a given scheduling cycle, the “HARQ feedback” is enabled for some HARQ processes and disabled for some other HARQ processes, then how to interprete or accomodate the contents of the HARQ-ACK bundling would need to be discussed.
[bookmark: _Toc104406443][bookmark: _Toc106716382][bookmark: _Toc111112474]Moreover, if within a given scheduling cycle, the “HARQ feedback” is enabled for some HARQ processes and disabled for some other HARQ processes, then the disabling approach would be somehow overriden since PUCCH would have to be transmitted for those HARQ processes for which HARQ feedback was requested.

	[bookmark: _Toc104406444][bookmark: _Toc106716383][bookmark: _Toc111112475]Issue F: NPRACH capacity
	[bookmark: _Toc104406445][bookmark: _Toc106716384][bookmark: _Toc111112476]This issue has to do with the fact that is possible to transmit a Scheduling Request (SR) on PUCCH.
[bookmark: _Toc104406446][bookmark: _Toc106716385][bookmark: _Toc111112477]The problem is that with the HARQ feedback disabled, there won’t be any UL transmission to ACK/NACK the received data, hence it won’t be possible to transmit SR on PUCCH any longer.
[bookmark: _Toc104406447][bookmark: _Toc106716386][bookmark: _Toc111112478]For not having to perform any major specification impact, in our opinion the possibility of enabling/disabling HARQ feedback can help to alleviate this issue. For example, in scenarios where the disabling approach is used, from time to time the eNodeB can enable the HARQ feedback as to create the opportunity for the UE to incorporate a SR as part of the ACK/NACK response.

	[bookmark: _Toc104406448][bookmark: _Toc106716387][bookmark: _Toc111112479]Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
	[bookmark: _Toc104406449][bookmark: _Toc106716388][bookmark: _Toc111112480]This is foreseen to be more problematic when the HARQ feedback has been disabled, since with no feedback the eNodeB won’t be able to perform adjustments on time, which may result in a radio-link failure.
[bookmark: _Toc104406450][bookmark: _Toc106716389][bookmark: _Toc111112481]On the other hand, if the HARQ feedback is enabled then the received feedback may be used by the eNodeB to perform adjustments which will reduce the chances of ending-up in a radio-link failure.

	[bookmark: _Toc104406451][bookmark: _Toc106716390][bookmark: _Toc111112482]Other issues are not excluded
	[bookmark: _Toc104406452][bookmark: _Toc106716391][bookmark: _Toc111112483]N/A


4.2	NB-IoT on “to further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission”
The “potential issues due to enabling/disabling on HARQ feedback for downlink transmission” can be analysed from a high-level perspective on whether there is an issue per-se from not transmitting NPUSCH Format 2 with the disabling approach. Nonetheless, a complete analysis will depend on the actual candidate solution(s) intended to be used to perform the disabling of HARQ feedback.
[bookmark: _Toc111112484]The “potential issues due to enabling/disabling on HARQ feedback” can in principle be analysed from a high-level perspective on whether no transmitting NPUSCH Format 2 will result to be problematic or unfeasible for a given feature, but the complete analysis will depend on the actual candidate solution(s) performing the disabling approach.
Thus, for “NB-IoT over NTN” our preliminary views on the issues listed in the agreement from RAN1# 109-e are provided through “Observation 11”:
[bookmark: _Toc111112485]From an “NB-IoT over NTN” perspective, our preliminary view on the potential issues listed in the agreement from RAN1# 109-e is as follows:
	[bookmark: _Toc104406455][bookmark: _Toc106716394][bookmark: _Toc111112486]Listed issue as per RAN1# 109-e
	[bookmark: _Toc104406456][bookmark: _Toc106716395][bookmark: _Toc111112487]Preliminary view

	[bookmark: _Toc104406457][bookmark: _Toc106716396][bookmark: _Toc111112488]Issue A: SPS PDSCH
	[bookmark: _Toc104406458][bookmark: _Toc106716397][bookmark: _Toc111112489]The agreement was for studying “potential issues due to enabling/disabling on HARQ feedback for downlink transmission”, in NB-IoT SPS is not available for DL scheduling (it is not in DCI Format N1), thus this issue is for LTE-MTC.

	[bookmark: _Toc104406459][bookmark: _Toc106716398][bookmark: _Toc111112490]Issue B: (N)PDSCH/(N)PDCCH scheduling restriction
	[bookmark: _Toc104406460][bookmark: _Toc106716399][bookmark: _Toc111112491][bookmark: _Hlk104376978]This issue has to do with “legacy processing delays”. Those “legacy processing delays” are an important part of what makes the IoT technologies having a low complexity and a low cost, thus in our view any design to “disabling the HARQ feedback” should aim to keep the legacy “legacy processing delays” unmodified. We elaborate more on it in section 5.2.

	[bookmark: _Toc104406461][bookmark: _Toc106716400][bookmark: _Toc111112492]Issue C: HARQ feedback for scheduling multiple TB
	[bookmark: _Toc104406462][bookmark: _Toc106716401][bookmark: _Toc111112493]Multi-TB grant allows scheduling of up to two transport blocks (TB) with a single DCI for a downlink unicast transmission.
[bookmark: _Toc104406463][bookmark: _Toc106716402][bookmark: _Toc111112494]In principle, when HARQ feedback is disabled, no issue is foreseen on Multi-TB grant nor Single-TB grant from not transmitting NPUSCH Format 2, at least not as long as the “legacy processing delays” are kept unmodified.  

	[bookmark: _Toc104406464][bookmark: _Toc106716403][bookmark: _Toc111112495]Issue D: HARQ bundling for eMTC HD-FDD
	[bookmark: _Toc104406465][bookmark: _Toc106716404][bookmark: _Toc111112496]Issue D is applicable for LTE-MTC only.

	[bookmark: _Toc104406466][bookmark: _Toc106716405][bookmark: _Toc111112497]Issue F: NPRACH capacity
	[bookmark: _Toc104406467][bookmark: _Toc106716406][bookmark: _Toc111112498]This issue has to do with the fact that is possible to transmit a Scheduling Request (SR) on NPUSCH Format 2.
[bookmark: _Toc104406468][bookmark: _Toc106716407][bookmark: _Toc111112499]The problem is that with the HARQ feedback disabled, there won’t be any UL transmission to ACK/NACK the received data, hence it won’t be possible to transmit SR on NPUSCH Format 2 any longer.
[bookmark: _Toc104406469][bookmark: _Toc106716408][bookmark: _Toc111112500]For not having to perform any major specification impact, in our opinion the possibility of enabling/disabling HARQ feedback can help to alleviate this issue. For example, in scenarios where the disabling approach is used, from time to time the eNodeB can enable the HARQ feedback as to create the opportunity for the UE to incorporate a SR as part of the ACK/NACK response.

	[bookmark: _Toc104406470][bookmark: _Toc106716409][bookmark: _Toc111112501]Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
	[bookmark: _Toc104406471][bookmark: _Toc106716410][bookmark: _Toc111112502]This is foreseen to be more problematic when the HARQ feedback has been disabled, since with no feedback the eNodeB won’t be able to perform adjustments on time, which may result in a radio-link failure.
[bookmark: _Toc104406472][bookmark: _Toc106716411][bookmark: _Toc111112503]On the other hand, if the HARQ feedback is enabled then the received feedback may be used by the eNodeB to perform adjustments which will reduce the chances of ending-up in a radio-link failure.

	[bookmark: _Toc104406473][bookmark: _Toc106716412][bookmark: _Toc111112504]Other issues are not excluded
	[bookmark: _Toc104406474][bookmark: _Toc106716413][bookmark: _Toc111112505]N/A


5	Follow-up: “how to support enabling and disabling HARQ feedback for downlink transmissions”
During RAN1# 109-e, “how to support enabling and disabling HARQ feedback for downlink transmissions” was preliminary discussed through [Proposal 2-5f] of the Feature Lead Summary (FLS) [4]. In sections 5.1 and 5.2 for LTE-MTC and NB-IoT respectively, we provide our views on this topic pointing out to important legacy aspects to consider. 
5.1	LTE-MTC on “how to support enabling and disabling HARQ feedback for downlink transmissions” 
The agreements reached in RAN1# 109e have considered two approaches, enabling/disabling of HARQ feedback for downlink transmissions. First, we provide our view on how to support enabling HARQ feedback for downlink transmissions.
[bookmark: _Toc111112506]To support enabling HARQ feedback for downlink transmissions no additional specification effort than introducing signalling to enable/disable HARQ feedback is needed. This since where applicable, the state-of-art Rel-17 features for LTE-MTC can be used with no further optimization to keep the HARQ feedback enabled without incurring into the so called “HARQ stalling” issue.
According with the WID, the motivation behind disabling the HARQ feedback is “to mitigate impact of HARQ stalling on UE data rates”. Below we provide our view on how to support disabling HARQ feedback for downlink transmissions.
[bookmark: _Toc111112507]For the disabling of HARQ feedback approach, in our understanding the gain mainly comes from avoiding the “propagation delay in the uplink direction” due to not transmitting ACK/NACK via PUCCH, plus the ability to receive the subsequent MPDCCH scheduling data as soon as DL monitoring is allowed.
[bookmark: _Toc111112508]If for the disabling of HARQ feedback approach PUCCH won’t be transmitted, one key design aspect is the point in time at which DL monitoring will be allowed to start towards receiving the subsequent MPDCCH scheduling data.
[bookmark: _Toc111112509][bookmark: _Hlk104377180]In legacy, there is a delay between the “MPDCCH and the scheduled PDSCH”, afterwards there is at least a 3 ms delay between the end of PDSCH and the start of PUCCH which accounts for sufficient PDSCH decoding time at the device (See Annex 1).
· [bookmark: _Toc111112510][bookmark: _Hlk104376727]Preserving the legacy processing delays unmodified is important, and thus when HARQ feedback is disabled, the earliest the DL monitoring should start is precisely the subframe at which PUCCH would be otherwise transmitted.
· [bookmark: _Toc111112511]This allows preserving (for sufficient PDSCH decoding purposes) at least a 3 ms delay between the end of PDSCH and the start of the DL monitoring. Any proposal on shortening this delay will require RAN4 studies.
· [bookmark: _Toc111112512]Legacy delays are an important part of what makes the IoT technologies have a low complexity and a low cost.
[bookmark: _Toc111112524]The support of disabling HARQ feedback for downlink transmission relies on not transmitting PUCCH and the ability to receive the subsequent MPDCCH scheduling data as soon as DL monitoring is allowed.
· [bookmark: _Toc111112525][bookmark: _Hlk104389093]The earliest the DL monitoring should start is at the subframe at which PUCCH would be otherwise transmitted (i.e., preserving for sufficient PDSCH decoding time, at least a 3 ms delay between the end of PDSCH and the start of the DL monitoring).
5.2	NB-IoT on “how to support enabling and disabling HARQ feedback for downlink transmissions”
The agreements reached in RAN1# 109e have considered two approaches, enabling/disabling of HARQ feedback for downlink transmissions. First, we provide our view on how to support enabling HARQ feedback for downlink transmissions.
[bookmark: _Toc111112513]To support enabling HARQ feedback for downlink transmissions no additional specification effort than introducing signalling to enable/disable HARQ feedback is needed. This since where applicable, the state-of-art Rel-17 features for NB-IoT can be used with no further optimization to keep the HARQ feedback enabled without incurring into the so called “HARQ stalling” issue.
On the other hand, according with the WID the motivation behind disabling the HARQ feedback is “to mitigate impact of HARQ stalling on UE data rates”. Below we provide our view on how to support disabling HARQ feedback for downlink transmissions.
[bookmark: _Toc111112514]For the disabling of HARQ feedback approach, in our understanding the gain mainly comes from avoiding the “propagation delay in the uplink direction” due to not transmitting ACK/NACK via NPUSCH Format 2, plus the ability to receive the subsequent NPDCCH scheduling data as soon as DL monitoring is allowed.
[bookmark: _Toc111112515]If for the disabling of HARQ feedback approach NPUSCH Format 2 won’t be transmitted, one key design aspect is the point in time at which DL monitoring will be allowed to start towards receiving the subsequent NPDCCH scheduling data.
[bookmark: _Toc111112516]In legacy, there is a delay between the “NPDCCH and the scheduled NPDSCH”, afterwards there is at least a 12 ms delay between the end of NPDSCH and the start of NPUSCH Format 2 which accounts for sufficient NPDSCH decoding time at the device (See Annex 2).
· [bookmark: _Toc111112517]Preserving the legacy processing delays unmodified is important, and thus when HARQ feedback is disabled, the earliest the DL monitoring should start is precisely the subframe at which NPUSCH Format 2 would be otherwise transmitted.
· [bookmark: _Toc111112518]This allows preserving (for sufficient NPDSCH decoding purposes) at least a 12 ms delay between the end of NPDSCH and the start of the DL monitoring. Any proposal on shortening this delay will require RAN4 studies.
· [bookmark: _Toc111112519]Legacy delays are an important part of what makes the IoT technologies having a low complexity and a low cost.
[bookmark: _Toc111112526][bookmark: _Hlk104383277]The support disabling HARQ feedback for downlink transmission relies on not transmitting NPUSCH Format 2 and the ability to receive the subsequent NPDCCH scheduling data as soon as DL monitoring is allowed.
· [bookmark: _Toc111112527]The earliest the DL monitoring should start is at the subframe at which NPUSCH Format 2 would be otherwise transmitted (i.e., preserving for sufficient NPDSCH decoding time, at least a 12 ms delay between the end of NPDSCH and the start of the DL monitoring).
5.3	In common for LTE-MTC and NB-IoT on “how to support enabling and disabling HARQ feedback for downlink transmissions” 
[bookmark: _Toc111112520]In general, the approach of disabling HARQ feedback relies on not transmitting PUCCH for LTE-MTC or NPUSCH (Format 2) for NB-IoT, and the ability to receive the subsequent (M/N) PDCCH scheduling data as soon as DL monitoring is allowed. In our view, no optimizations to further increase the data rate should be pursued, since in any case what is needed is to compensate for the loss of reliability. Overall, the disabling approach should be supported with as minimum specification impact as possible.
[bookmark: _Toc111112521][bookmark: _Hlk104383189]If the approach of disabling of HARQ feedback relies on not transmitting PUCCH for LTE-MTC or NPUSCH (Format 2) for NB-IoT, and the ability to receive the subsequent (M/N) PDCCH scheduling data as soon as DL monitoring is allowed. Then the disabling mechanism per-se is scenario agnostic, but no its benefits since in some scenarios the reliability provided by the HARQ feedback is necessary. Thus, it will be up to the network to enabling/disabling HARQ feedback as considered necessary.
6	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	Although disabling HARQ feedback can be beneficial, in IoT NTN there is a variety of scenarios and in some cases keeping HARQ feedback enabled is possible without incurring into the so called “HARQ stalling” issue.
Observation 2	Alleviating the “HARQ stalling” issue through disabling HARQ feedback comes at the cost of compromising reliability, and not all possible IoT NTN scenarios need to sacrifice reliability.
Observation 3	The IoT NTN technology should have the possibility of disabling/enabling the HARQ feedback on a per-need basis to deal with a variety of IoT NTN scenarios.
Observation 4	To keep the HARQ feedback enabled, the Rel-17 state-of-art features for LTE-MTC and NB-IoT can be used with no further optimization to mitigate the HARQ stalling on UE data rates.
Observation 5	In RAN1# 109e, there were agreements for IoT NTN considering both approaches i.e., enabling/disabling HARQ feedback [3].
Observation 6	To indicate whether HARQ feedback is enabled/disabled for “LTE-MTC over NTN”, the following advantages have been identified if dynamic signalling via DCI is used:
	In legacy, the “HARQ process number” is indicated via DCI in both CE Mode A and B, thus as complementary information it can be indicated whether such “HARQ process number” will use HARQ feedback enabled/disabled.
	Dynamic signalling will allow adapting faster to changes/variations in the IoT-NTN scenarios. Otherwise, e.g., with RRC signalling, it will be required performing first a re-configuration to enabling/disabling HARQ feedback before being able to act on the scenario’s needs.
Observation 7	To indicate whether HARQ feedback is enabled/disabled for “NB-IoT over NTN”, the following advantages have been identified if dynamic signalling via DCI is used:
	In legacy, the “HARQ process number” is indicated via DCI Format N1, thus as complementary information it can be indicated whether such “HARQ process number” will use HARQ feedback enabled/disabled.
	Dynamic signalling will allow adapting faster to changes/variations in the IoT-NTN scenarios. Otherwise, e.g., with RRC signalling, it will be required performing first a re-configuration to enabling/disabling HARQ feedback before being able to act on the scenario’s needs.
Observation 8	The “potential issues due to enabling/disabling on HARQ feedback” can in principle be analysed from a high-level perspective on whether no transmitting PUCCH will result to be problematic or unfeasible for a given feature, but the complete analysis will depend on the actual candidate solution(s) performing the disabling approach.
Observation 9	From an “LTE-MTC over NTN” perspective, our preliminary view on the potential issues listed in the agreement from RAN1# 109-e is as follows:
	Listed issue as per RAN1# 109-e
	Preliminary view

	Issue A: SPS PDSCH
	Using SPS along with enabling/disabling HARQ feedback is foreseen not to be transparent, since it seems that enabling/disabling of HARQ feedback may have to be added as part of the SPS configuration (i.e., along with MCS, number of repetitions, etc). Thus, RAN1 should ponder the importance of SPS for LTE-MTC over NTN as to justify the potential specification impact.

	Issue B: (N)PDSCH/(N)PDCCH scheduling restriction
	This issue has to do with “legacy processing delays”. Those “legacy processing delays” are an important part of what makes the IoT technologies having a low complexity and a low cost, thus in our view any design to “disabling the HARQ feedback” should aim to keep the legacy “legacy processing delays” unmodified. We elaborate more on it in section 5.1.

	Issue C: HARQ feedback for scheduling multiple TB
	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, hence in CE Mode A Multi-TB grant is outperformed by single TB grant in terms of achievable data rate if single TB grant is used e.g., with 9 or more HARQ processes. On the other hand, up 2 HARQ processes are supported in CE ModeB.
In principle, when HARQ feedback is disabled, no issue is foreseen on Multi-TB grant nor Single-TB grant from not transmitting PUCCH, at least not as long as the “legacy processing delays” are kept unmodified. Yet, given Single-TB grant can outperform Multi-TB grant it needs to be pondered whether the latter needs to be supported. 

	Issue D: HARQ bundling for eMTC HD-FDD
	If enabling/disabling HARQ feedback is applied per HARQ process, then if within a given scheduling cycle, the “HARQ feedback” is enabled for some HARQ processes and disabled for some other HARQ processes, then how to interprete or accomodate the contents of the HARQ-ACK bundling would need to be discussed.
Moreover, if within a given scheduling cycle, the “HARQ feedback” is enabled for some HARQ processes and disabled for some other HARQ processes, then the disabling approach would be somehow overriden since PUCCH would have to be transmitted for those HARQ processes for which HARQ feedback was requested.

	Issue F: NPRACH capacity
	This issue has to do with the fact that is possible to transmit a Scheduling Request (SR) on PUCCH.
The problem is that with the HARQ feedback disabled, there won’t be any UL transmission to ACK/NACK the received data, hence it won’t be possible to transmit SR on PUCCH any longer.
For not having to perform any major specification impact, in our opinion the possibility of enabling/disabling HARQ feedback can help to alleviate this issue. For example, in scenarios where the disabling approach is used, from time to time the eNodeB can enable the HARQ feedback as to create the opportunity for the UE to incorporate a SR as part of the ACK/NACK response.

	Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
	This is foreseen to be more problematic when the HARQ feedback has been disabled, since with no feedback the eNodeB won’t be able to perform adjustments on time, which may result in a radio-link failure.
On the other hand, if the HARQ feedback is enabled then the received feedback may be used by the eNodeB to perform adjustments which will reduce the chances of ending-up in a radio-link failure.

	Other issues are not excluded
	N/A



Observation 10	The “potential issues due to enabling/disabling on HARQ feedback” can in principle be analysed from a high-level perspective on whether no transmitting NPUSCH Format 2 will result to be problematic or unfeasible for a given feature, but the complete analysis will depend on the actual candidate solution(s) performing the disabling approach.
Observation 11	From an “NB-IoT over NTN” perspective, our preliminary view on the potential issues listed in the agreement from RAN1# 109-e is as follows:
	Listed issue as per RAN1# 109-e
	Preliminary view

	Issue A: SPS PDSCH
	The agreement was for studying “potential issues due to enabling/disabling on HARQ feedback for downlink transmission”, in NB-IoT SPS is not available for DL scheduling (it is not in DCI Format N1), thus this issue is for LTE-MTC.

	Issue B: (N)PDSCH/(N)PDCCH scheduling restriction
	This issue has to do with “legacy processing delays”. Those “legacy processing delays” are an important part of what makes the IoT technologies having a low complexity and a low cost, thus in our view any design to “disabling the HARQ feedback” should aim to keep the legacy “legacy processing delays” unmodified. We elaborate more on it in section 5.2.

	Issue C: HARQ feedback for scheduling multiple TB
	Multi-TB grant allows scheduling of up to two transport blocks (TB) with a single DCI for a downlink unicast transmission.
In principle, when HARQ feedback is disabled, no issue is foreseen on Multi-TB grant nor Single-TB grant from not transmitting NPUSCH Format 2, at least not as long as the “legacy processing delays” are kept unmodified.  

	Issue D: HARQ bundling for eMTC HD-FDD
	Issue D is applicable for LTE-MTC only.

	Issue F: NPRACH capacity
	This issue has to do with the fact that is possible to transmit a Scheduling Request (SR) on NPUSCH Format 2.
The problem is that with the HARQ feedback disabled, there won’t be any UL transmission to ACK/NACK the received data, hence it won’t be possible to transmit SR on NPUSCH Format 2 any longer.
For not having to perform any major specification impact, in our opinion the possibility of enabling/disabling HARQ feedback can help to alleviate this issue. For example, in scenarios where the disabling approach is used, from time to time the eNodeB can enable the HARQ feedback as to create the opportunity for the UE to incorporate a SR as part of the ACK/NACK response.

	Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
	This is foreseen to be more problematic when the HARQ feedback has been disabled, since with no feedback the eNodeB won’t be able to perform adjustments on time, which may result in a radio-link failure.
On the other hand, if the HARQ feedback is enabled then the received feedback may be used by the eNodeB to perform adjustments which will reduce the chances of ending-up in a radio-link failure.

	Other issues are not excluded
	N/A



Observation 12	To support enabling HARQ feedback for downlink transmissions no additional specification effort than introducing signalling to enable/disable HARQ feedback is needed. This since where applicable, the state-of-art Rel-17 features for LTE-MTC can be used with no further optimization to keep the HARQ feedback enabled without incurring into the so called “HARQ stalling” issue.
Observation 13	For the disabling of HARQ feedback approach, in our understanding the gain mainly comes from avoiding the “propagation delay in the uplink direction” due to not transmitting ACK/NACK via PUCCH, plus the ability to receive the subsequent MPDCCH scheduling data as soon as DL monitoring is allowed.
Observation 14	If for the disabling of HARQ feedback approach PUCCH won’t be transmitted, one key design aspect is the point in time at which DL monitoring will be allowed to start towards receiving the subsequent MPDCCH scheduling data.
Observation 15	In legacy, there is a delay between the “MPDCCH and the scheduled PDSCH”, afterwards there is at least a 3 ms delay between the end of PDSCH and the start of PUCCH which accounts for sufficient PDSCH decoding time at the device (See Annex 1).
	Preserving the legacy processing delays unmodified is important, and thus when HARQ feedback is disabled, the earliest the DL monitoring should start is precisely the subframe at which PUCCH would be otherwise transmitted.
o	This allows preserving (for sufficient PDSCH decoding purposes) at least a 3 ms delay between the end of PDSCH and the start of the DL monitoring. Any proposal on shortening this delay will require RAN4 studies.
	Legacy delays are an important part of what makes the IoT technologies have a low complexity and a low cost.
Observation 16	To support enabling HARQ feedback for downlink transmissions no additional specification effort than introducing signalling to enable/disable HARQ feedback is needed. This since where applicable, the state-of-art Rel-17 features for NB-IoT can be used with no further optimization to keep the HARQ feedback enabled without incurring into the so called “HARQ stalling” issue.
Observation 17	For the disabling of HARQ feedback approach, in our understanding the gain mainly comes from avoiding the “propagation delay in the uplink direction” due to not transmitting ACK/NACK via NPUSCH Format 2, plus the ability to receive the subsequent NPDCCH scheduling data as soon as DL monitoring is allowed.
Observation 18	If for the disabling of HARQ feedback approach NPUSCH Format 2 won’t be transmitted, one key design aspect is the point in time at which DL monitoring will be allowed to start towards receiving the subsequent NPDCCH scheduling data.
Observation 19	In legacy, there is a delay between the “NPDCCH and the scheduled NPDSCH”, afterwards there is at least a 12 ms delay between the end of NPDSCH and the start of NPUSCH Format 2 which accounts for sufficient NPDSCH decoding time at the device (See Annex 2).
	Preserving the legacy processing delays unmodified is important, and thus when HARQ feedback is disabled, the earliest the DL monitoring should start is precisely the subframe at which NPUSCH Format 2 would be otherwise transmitted.
o	This allows preserving (for sufficient NPDSCH decoding purposes) at least a 12 ms delay between the end of NPDSCH and the start of the DL monitoring. Any proposal on shortening this delay will require RAN4 studies.
	Legacy delays are an important part of what makes the IoT technologies having a low complexity and a low cost.
Observation 20	In general, the approach of disabling HARQ feedback relies on not transmitting PUCCH for LTE-MTC or NPUSCH (Format 2) for NB-IoT, and the ability to receive the subsequent (M/N) PDCCH scheduling data as soon as DL monitoring is allowed. In our view, no optimizations to further increase the data rate should be pursued, since in any case what is needed is to compensate for the loss of reliability. Overall, the disabling approach should be supported with as minimum specification impact as possible.
Observation 21	If the approach of disabling of HARQ feedback relies on not transmitting PUCCH for LTE-MTC or NPUSCH (Format 2) for NB-IoT, and the ability to receive the subsequent (M/N) PDCCH scheduling data as soon as DL monitoring is allowed. Then the disabling mechanism per-se is scenario agnostic, but no its benefits since in some scenarios the reliability provided by the HARQ feedback is necessary. Thus, it will be up to the network to enabling/disabling HARQ feedback as considered necessary.

Based on the discussion in the previous sections we propose the following:

Proposal 1	For “LTE-MTC over NTN” to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, RAN1 down-selects between “Option 1 (i.e., semi-static signalling via RRC)” and “Option 3 (i.e., dynamic signalling via DCI)”, FFS details.
Proposal 2	For “NB-IoT over NTN” to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, RAN1 down-selects between “Option 1 (i.e., semi-static signalling via RRC)” and “Option 3 (i.e., dynamic signalling via DCI)”, FFS details.
Proposal 3	The support of disabling HARQ feedback for downlink transmission relies on not transmitting PUCCH and the ability to receive the subsequent MPDCCH scheduling data as soon as DL monitoring is allowed.
	The earliest the DL monitoring should start is at the subframe at which PUCCH would be otherwise transmitted (i.e., preserving for sufficient PDSCH decoding time, at least a 3 ms delay between the end of PDSCH and the start of the DL monitoring).
Proposal 4	The support disabling HARQ feedback for downlink transmission relies on not transmitting NPUSCH Format 2 and the ability to receive the subsequent NPDCCH scheduling data as soon as DL monitoring is allowed.
	The earliest the DL monitoring should start is at the subframe at which NPUSCH Format 2 would be otherwise transmitted (i.e., preserving for sufficient NPDSCH decoding time, at least a 12 ms delay between the end of NPDSCH and the start of the DL monitoring).
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6	Annex 1: LTE-MTC legacy processing delays
A1.1	LTE-MTC: Illustration of legacy processing delays using a LEO satellite at an orbit altitude of 600 km
[bookmark: _Hlk104402972]Table A1.1 illustrates the legacy processing delays of a transmission corresponding to one HARQ process keeping HARQ feedback enabled for a HD-FDD Cat M1 UE.
Table A1.1: Transmission of one HARQ process keeping HARQ feedback enabled for a Cat-M1 HD-FDD UE.
	Subrame#
	0
	1
	2
	3
	4
	5
	6
	...
	...
	33

	MPDCCH
	0
	
	
	
	
	
	
	
	
	0

	PDSCH
	
	
	0
	
	
	
	
	
	
	

	PUCCH
	
	
	
	
	
	
	0
	
	
	

	For HARQ Process #0
	MDPCCH to PDSCH delay
	
	2ms
	
	
	
	
	
	
	
	

	
	PDSCH to PUCCH delay
	
	
	
	3ms
(Includes PDSCH decoding time)
	
	
	
	

	
	Propagation delay in UL direction
	
	
	
	
	
	
	
	Delay at min elevation/2 = 26ms/2 = 13ms

	
	

	
	Propagation delay in DL direction
	
	
	
	
	
	
	
	
	Delay at min elevation/2 = 26ms/2 = 13ms

	




In Table A1.1, MPDCCH#0 and PDSCH#0 refer to the control channel and corresponding user data associated to HARQ Process #0. PUCCH #0 in Subframe#6 is used to transmit the ACK/NACK associated to HARQ process #0.
On the other hand, Table A1.2 illustrates the legacy processing delays of a transmission corresponding to one HARQ process disabling HARQ feedback for a HD-FDD Cat M1 UE, where PUCCH is not transmitted and where the earliest the DL monitoring starts is at the subframe at which PUCCH would be otherwise transmitted (i.e., preserving for sufficient PDSCH decoding time, at least a 3 ms delay between the end of PDSCH and the start of the DL monitoring).

Table A1.2: Transmission of one HARQ process disabling HARQ feedback enabled for a Cat-M1 HD-FDD UE, where PUCCH is not transmitted and where the earliest the DL monitoring starts is at the subframe at which PUCCH would be otherwise transmitted.
	Subrame#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	MPDCCH
	0
	
	
	
	
	
	0
	
	
	
	
	
	0
	
	
	

	PDSCH
	
	
	0
	
	
	
	
	
	0
	
	
	
	
	
	0
	

	For HARQ Process #0
	MDPCCH to PDSCH delay
	
	2ms
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	PDSCH to earliest DL monitoring delay
(Before PDSCH to PUCCH delay)
	
	
	
	3ms
(Includes PDSCH decoding time)
	
	
	
	
	
	
	
	
	
	

	
	Propagation delay in DL direction
	
	
	
	Delay at min elevation/2 = 26ms/2 = 13ms



In our understanding the gain of the disabling approach mainly comes from avoiding the “propagation delay in the uplink direction” due to not transmitting ACK/NACK via PUCCH, plus the ability to receive the subsequent MPDCCH scheduling data as soon as DL monitoring is allowed (i.e., 3 ms after the end of the PDSCH transmission as to allow for sufficient decoding time). Moreover, in Table A1.2 MPDCCH at subframe #0 is the very first downlink scheduling, whereas MPDCCHs at subframes #6, and #12 would be somehow transmitted in advance “hoping for the best” given the lack of ACK/NACK feedback.
7	Annex 2: NB-IoT legacy processing delays
A2.1	NB-IoT: Illustration of legacy processing delays using a LEO satellite at an orbit altitude of 600 km.
Table A2.1 illustrates the legacy processing delays of a transmission corresponding to one HARQ process keeping HARQ feedback enabled for a Cat-NB2 UE.
Table A2.1: Transmission of one HARQ process keeping HARQ feedback enabled for a Cat-NB2 UE.
	Subframe#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32

	NPDCCH
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NPDSCH
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NPUSCH Format 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	
	
	
	

	NDPCCH to NPDSCH delay
	
	4ms
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NPDSCH to NPUSCH Format 2 delay
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12ms
(Includes NPDSCH decoding time)
	
	
	
	
	
	

	Propagation delay in UL direction
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Propagation delay in DL direction
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Time progression continues …

	Subframe#
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59

	NPDCCH
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	

	NPDSCH
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NPUSCH Format 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NDPCCH to NPDSCH delay
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	4ms

	NPDSCH to NPUSCH Format 2 delay
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Propagation delay in UL direction
	Delay at min elevation/2 = 26ms/2 = 13ms
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Propagation delay in DL direction
	
	
	
	
	
	
	
	
	
	Delay at min elevation/2 = 26ms/2 = 13ms
	
	
	
	
	



In Table A2.1, NPDCCH#0 and NPDSCH#0 refer to the control channel and corresponding user data associated to HARQ Process #0. NPUSCH Format 2 #0 starting in Subframe#27 is used to transmit the ACK/NACK associated to HARQ process #0.
On the other hand, Table A2.2 illustrates the legacy processing delays of a transmission corresponding to one HARQ process disabling HARQ feedback for a Cat-NB2 UE, where NPUSCH Format 2 is not transmitted and where the earliest the DL monitoring starts is at the subframe at which NPUSCH Format 2 would be otherwise transmitted (i.e., preserving for sufficient PDSCH decoding time, at least a 12 ms delay between the end of PDSCH and the start of the DL monitoring).
Table A2.2: Transmission of one HARQ process disabling HARQ feedback enabled for a Cat-NB2 UE, where PUCCH is not transmitted and where the earliest the DL monitoring starts is at the subframe at which PUCCH would be otherwise transmitted.
	Subframe#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28

	NPDCCH
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	

	NPDSCH
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NDPCCH to NPDSCH delay
	
	4ms
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NPDSCH to earliest DL monitoring delay
(Before NPDSCH to NPUSCH Format 2 delay)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12ms
	
	

	Propagation delay in DL direction
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Delay at min elevation/2 = 26ms/2 = 13ms, where 12 out of 13 subframes overlap the 12 subframes that allow sufficient NPDSCH decoding time
	



In our understanding the gain of the disabling approach mainly comes from avoiding the “propagation delay in the uplink direction” due to not transmitting ACK/NACK via NPUSCH Format 2, plus the ability to receive the subsequent NPDCCH scheduling data as soon as DL monitoring is allowed (i.e., 12 ms after the end of the NPDSCH transmission as to allow for sufficient decoding time).
	4/4	
