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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# 109-e, the following agreement was reached touching upon “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission” [2]:
	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.


In RAN1# 110, the agreement “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission” further evolved as follows [3]:
	LTE-MTC
	NB-IoT

	Agreement

For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling.
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field).
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above.
	Agreement
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above


The agreement above is discussed for LTE-MTC and NB-IoT separately in sections 2.1 and 2.2 respectively.
2.1	LTE-MTC on how “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. 
The table below compares a “DCI-based switching” and an “RRC-based switching” when used to enable/disable HARQ feedback for LTE-MTC over NTN.
Table 1: “DCI-based switching” and “RRC-based switching” comparison for LTE-MTC over NTN.
	
	DCI-based switching to enable/disable HARQ feedback
	RRC-based switching to enable/disable HARQ feedback

	Reference Legacy Design
	The “HARQ process number” in CE Mode A is already dynamically indicated: 
5.3.3.1.12	Format 6-1A
.
.
.
-	HARQ process number – 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell, or for cases with FDD primary cell when ce-pdsch-tenProcesses-config or ce-PDSCH-14HARQ-Config is configured by higher layers and the DCI is mapped onto the UE-specific search space given by the C-RNTI as defined in [3]). This field is not present when the format 6-1A CRC is scrambled with G-RNTI, or if ce-PDSCH-MultiTB-Config is enabled and the DCI is mapped onto the UE-specific search space given by C-RNTI as defined in [3].
	The NR-NTN semi-static switching is as follows:
PDSCH-ServingCellConfig information element
-- ASN1START
-- TAG-PDSCH-SERVINGCELLCONFIG-START

    [[
    downlinkHARQ-FeedbackDisabled-r17       SetupRelease { DownlinkHARQ-FeedbackDisabled-r17 }              OPTIONAL,   -- Need M
    nrofHARQ-ProcessesForPDSCH-v1700        ENUMERATED {n32}                                               OPTIONAL    -- Need R
    ]]

PDSCH-CodeBlockGroupTransmission field descriptions
downlinkHARQ-FeedbackDisabled
Used to disable the DL HARQ feedback, sent in the uplink, per HARQ process ID. The first/leftmost bit corresponds to HARQ process ID 0, the next bit to HARQ process ID 1 and so on. Bits corresponding to HARQ process IDs that are not configured shall be ignored. The bit(s) set to one identify HARQ processes with disabled DL HARQ feedback and the bit(s) set to zero identify HARQ processes with enabled DL HARQ feedback.

	
	The “HARQ process number” in CE Mode B is already dynamically indicated: 
5.3.3.1.13	Format 6-1B
.
.
.
-	HARQ process number – 1 bit. This field is not present when the format 6-1B CRC is scrambled with G-RNTI, or if ce-PDSCH-MultiTB-Config is enabled and the DCI is mapped onto the UE-specific search space given by C-RNTI as defined in [3].
	

	Number of bits required
	1-bit in DCI
Note: Since the “HARQ process number” is already indicated via DCI, only 1-bit is required to indicate whether such “HARQ process number” will use HARQ feedback enabled/disabled.
	4-bits in RRC
Note: It will be configured in a semi-static manner which HARQ process(es) will have their HARQ feedback enabled and disabled, and this will not change until a re-configuration will be performed. Given that there are up to 10/14 HARQ processes in CE Mode A, then 4-bits are required for a semi-static solution.

	Pros
	· Only 1-bit is required, since this solution takes advantage that the “HARQ process number” is already indicated via DCI.

· Dynamic signalling will allow a fast switching even within the same scheduling cycle. This will allow adapting faster to changes/variations in the IoT-NTN scenarios.

· This solution is agnostic to CE Mode A and CE Mode B.
	· The solution will be to some extent as the one in NR-NTN, but in this case using 4-bits and renaming “HARQ process ID” by “HARQ process number” will be needed.


	cons
	· 1 new bit may need to be added in DCI in case no legacy bit can be re-purposed.

	· With RRC signalling, it will be required transmitting first a re-configuration message to enabling/disabling HARQ feedback before we will be able to act on a given scenario.

· CE Mode A and CE Mode B support different number of HARQ processes, thus the RRC solution may not be agnostic if there are two RRC fields, one for CE Mode A and another one for CE Mode B.

· Overall, the RRC-based switching requires more bits than a DCI-based solution.


 
[bookmark: _Toc115380675][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: _Toc115380676]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: _Toc115380677]Dynamic signalling will allow adapting faster to changes/variations in the IoT-NTN scenarios. Otherwise, RRC signalling requires performing first a re-configuration to enabling/disabling HARQ feedback before being able to act on the needs of a given scenario.
[bookmark: _Toc115380706]For “LTE-MTC over NTN” to configure/indicate enabling/disabling of 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.
2.2	NB-IoT on how “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 2.1 on the usage of dynamic signalling (i.e., DCI) also hold for NB-IoT.
The table below compares a “DCI-based switching” and an “RRC-based switching” when used to enable/disable HARQ feedback for NB-IoT over NTN.
Table 2: “DCI-based switching” and “RRC-based switching” comparison for NB-IoT over NTN.
	
	DCI-based switching to enable/disable HARQ feedback
	RRC-based switching to enable/disable HARQ feedback

	Reference Legacy Design
	The “HARQ process number” in NB-IoT is already dynamically indicated: 
6.4.3.2	DCI Format N1
.
.
.
-	HARQ process number – 1 bit. This field is only present if 2 HARQ processes are configured and the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3], or if Number of scheduled TB for Unicast is present. If multiple TB are scheduled, it functions as New data indicator for the second TB.
	The NR-NTN semi-static switching is as follows:
PDSCH-ServingCellConfig information element
-- ASN1START
-- TAG-PDSCH-SERVINGCELLCONFIG-START

    [[
    downlinkHARQ-FeedbackDisabled-r17       SetupRelease { DownlinkHARQ-FeedbackDisabled-r17 }              OPTIONAL,   -- Need M
    nrofHARQ-ProcessesForPDSCH-v1700        ENUMERATED {n32}                                               OPTIONAL    -- Need R
    ]]

PDSCH-CodeBlockGroupTransmission field descriptions
downlinkHARQ-FeedbackDisabled
Used to disable the DL HARQ feedback, sent in the uplink, per HARQ process ID. The first/leftmost bit corresponds to HARQ process ID 0, the next bit to HARQ process ID 1 and so on. Bits corresponding to HARQ process IDs that are not configured shall be ignored. The bit(s) set to one identify HARQ processes with disabled DL HARQ feedback and the bit(s) set to zero identify HARQ processes with enabled DL HARQ feedback.

	Number of bits required
	1-bit in DCI
Note: Since the “HARQ process number” is already indicated via DCI, only 1-bit is required to indicate whether such “HARQ process number” will use HARQ feedback enabled/disabled.
	1-bits in RRC
Note: It will be configured in a semi-static manner which HARQ process(es) will have their HARQ feedback enabled and disabled, and this will not change until a re-configuration will be performed. Given that there are up to 2 HARQ processes in NB-IoT, then 1-bit is required for a semi-static solution.

	Pros
	· Only 1-bit is required, since this solution takes advantage that the “HARQ process number” is already indicated via DCI.

· Dynamic signalling will allow a fast switching even within the same scheduling cycle. This will allow adapting faster to changes/variations in the IoT-NTN scenarios.


	· The solution will be to some extent as the one in NR-NTN, but in this case using 1-bit and renaming “HARQ process ID” by “HARQ process number” will be needed.


	Cons
	· 1 new bit may need to be added in DCI in case no legacy bit can be re-purposed.

	· With RRC signalling, it will be required transmitting first a re-configuration message to enabling/disabling HARQ feedback before we will be able to act on a given scenario.

· In RAN2 it was brought-up as a concern that for the IoT CP solution, RRC connection reconfiguration is not supported.


 
[bookmark: _Toc115380678]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: _Toc115380679]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: _Toc115380680]Dynamic signalling will allow adapting faster to changes/variations in the IoT-NTN scenarios. Otherwise, RRC signalling requires performing first a re-configuration to enabling/disabling HARQ feedback before being able to act on the needs of a given scenario.
[bookmark: _Toc115380707]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.
3	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], and it was further discussed as “Issue-4: (N)PDSCH/(N)PDCCH scheduling restriction” in the FLS used for RAN1# 110 [5]. In sections 3.1 and 3.2 for NB-IoT and LTE-MTC respectively, we provide our views on this topic. 
3.1	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. Below we provide our view on how to support disabling HARQ feedback for downlink transmissions.
[bookmark: _Toc115380681]When HARQ feedback is disabled and NPUSCH Format 2 is not 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: _Toc115380682]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.
· [bookmark: _Toc115380683]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: _Toc115380684]Legacy delays are an important part of what makes the IoT technologies having a low complexity and a low cost.
In RAN1# 110, the following agreement was reached [3]:
	Agreement
For a DL HARQ process with disabled HARQ feedback in NB-IoT, at least the following UE behavior(s) can be considered:
· Option 1: UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until X(ms) after the end of the reception of the last NPDSCH for that HARQ process. 
· X =12
· Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· Y=12
Note: it may be different UE behaviors for different UE categories (e.g., UE with single/multiple HARQ processes)



During RAN1# 110, the value of “12 ms” was settled but we asked for more time to analyse the wording in “Option1” and “Option 2” before taking any premature decision. Below we analyse the options under discussion:
3.1.1 Disabling approach according with Option 1.
Option 1 states:
	· Option 1: UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until X(ms) after the end of the reception of the last NPDSCH for that HARQ process. 
· X =12



In an NB-IoT scenario with two HARQ processes (both with HARQ feedback disabled), “Option 1” in the diagram below means that the subsequent transmission of “HARQ process#0” can occur earliest at subframe# 27, whereas the subsequent transmission of “HARQ process#1” can occur earliest at subframe# 37.
Table 3A: “Option 1” using two HARQ processes for a Cat-NB2 UE.
	Earliest DL Reception of the subsequent HARQ Process as per “Option 1”
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[bookmark: _Toc115380685]When there are two HARQ processes in use, the disabling approach as per “Option 1” sets the starting point (according with 12ms) for the subsequent transmission of the first HARQ processes but puts an unnecessary restriction on the subsequent scheduling of the second HARQ process.
3.1.2 Disabling approach according with Option 2.
Option 2 states:
	· Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· Y=12



In an NB-IoT scenario with two HARQ processes (both with HARQ feedback disabled), “Option 2” in the diagram below means that the subsequent transmission of “HARQ process#0” can occur earliest at subframe# 37 and leaves up to the eNodeB scheduling afterwards the subsequent transmission of “HARQ process#1”, which following the timing relationship of the initial transmission can occur at subframe# 39.
Table 3B: “Option 2” using two HARQ processes for a Cat-NB2 UE.
	Earliest DL Reception of the subsequent HARQ Process as per “Option 2”
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[bookmark: _Toc115380686]When there are two HARQ processes in use, the disabling approach as per “Option 2” sets the starting point (according with 12ms) for the subsequent transmission of the first HARQ processes and leaves up to the eNodeB the scheduling of the second HARQ process.
3.1.3	Legacy statement as compared to Option 1 and Option 2.
During the discussion on “Option 1” and “Option 2”, it was mentioned that one of them was meant to reflect an existing legacy statement when “the UE is not required to transmit a corresponding NPUSCH format 2”.
On this matter, in TS 36.213, clause 16.6 the following legacy statement can be found:
	[bookmark: _Hlk113631559]If a NB-IoT UE receives a NPDSCH transmission ending in subframe n, and if the UE is not required to transmit a corresponding NPUSCH format 2, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+12.


The legacy statement is similar to “Option 1”, however the legacy statement does not mention that it refers to a given HARQ process, whereas “Option 1” explicitly mentions “for a given HARQ process” and “for that HARQ process” which makes the “legacy statement” and “Option 1” different.
In a NB-IoT scenario with two HARQ processes (both with HARQ feedback disabled), the “legacy statement” in the diagram below means that the subsequent transmission of “HARQ process#0” can occur earliest at subframe# 37 due that “legacy statement” when applied to the second HARQ processes extends the “no-monitoring interval” due that before 12ms have passed (from subframe# 15) it yet again says that “the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+12” (Recall the “legacy statement” does not say that “the UE is not required to monitor NPDCCH” “for that HARQ process”). So, the subsequent transmission of “HARQ process#0” can occur earliest at subframe# 37 whereas the subsequent transmission of “HARQ process#1” can occur afterwards up to the network for example at subframe# 39.
Table 3C: Legacy statement when “the UE is not required to transmit a corresponding NPUSCH format 2”, two HARQ processes for a Cat-NB2 UE.
	Earliest DL Reception of the subsequent HARQ Process as per “Legacy statement”
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[bookmark: _Toc115380687]The “legacy statement” in TS 36.213 clause 16.6 when “the UE is not required to transmit a corresponding NPUSCH format 2” is similar to “Option 1”, however “Option 1” explicitly mentions “for that HARQ process” whereas the “legacy statement” doesn’t mention it, which makes them different.
[bookmark: _Toc115380688]When there are two HARQ processes in use with “HARQ feedback disabled”, the “legacy statement” in TS 36.213 clause 16.6 extends the DL monitoring towards the subsequent transmission of NPDCCH for the first HARQ processes.
· [bookmark: _Toc115380689]This happens because the no-monitoring period for the first HARQ process ends-up “semi-overlapped and concatenated” with the no-monitoring period for the second HARQ process. This behaviour occurs because the “legacy statement” was tailor-made for a “single HARQ process scenario”. Somehow the result of the “legacy statement” (coincidentally because of the “semi-overlapped concatenation”) in the end happens to mimic “option 2”. 
[bookmark: _Toc115380690]Upon comparing “Option 1”, “Option 2”, and the “legacy statement in TS 36.213 clause 16.6 when the UE is not required to transmit a corresponding NPUSCH format 2”, it seems that “Option 2” resembles the expected UE behaviour when the “Disabling of HARQ feedback” approach is in place.
[bookmark: _Toc115380708]For NB-IoT, “Option 2” resembles the expected UE behaviour where 12ms must pass before the potential reception of a subsequent DL scheduling for the “HARQ process(es) with HARQ feedback disabled”, which works when either one HARQ process or two HARQ processes are in use’, and therefore should be the one supported.
· [bookmark: _Toc115380709]Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· [bookmark: _Toc115380710]Y=12
3.2	LTE-MTC on “how to support enabling and disabling HARQ feedback for downlink transmissions” 
Below we provide our view on how to support disabling HARQ feedback for downlink transmissions.
[bookmark: _Toc115380691]When HARQ feedback is disabled and PUCCH is not 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: _Toc115380692][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.
· [bookmark: _Toc115380693][bookmark: _Hlk104376727]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: _Toc115380694]Legacy delays are an important part of what makes the IoT technologies have a low complexity and a low cost.
In line with the analysis performed in section 3.1, now within the context of LTE-MTC “Option 2” with Y=3 ms can be used to support disabling HARQ feedback for downlink transmissions.
Option 2 adapted to LTE-MTC:
	· Option 2: UE is not required to monitor PDCCH in a period of Y(ms) from the end of reception of the last PDSCH
· Y=3



In an LTE-MTC scenario with Ten HARQ processes (all with HARQ feedback disabled), “Option 2” in the diagram below means that the subsequent transmission of “HARQ process#0” can occur earliest at subframe# 15 and leaves up to the eNodeB scheduling afterwards the subsequent transmission of “HARQ process#1, HARQ process# 2, and so on”, e.g., from subframe 16 onwards.
Table 4: 10 HARQ processes all with HARQ feedback disabled for a Cat-M1 HD-FDD UE for NTN.
	Earliest DL Reception of the subsequent HARQ Processes as per “Option 2” applied to LTE-MTC
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[bookmark: _Toc115380695]When there is more than one HARQ process in use, the disabling approach as per “Option 2” sets the starting point (according with 3ms) for the subsequent transmission of the first HARQ process and leaves up to the eNodeB scheduling the subsequent transmissions of the other HARQ processes.

[bookmark: _Toc115380711]For LTE-MTC, “Option 2” resembles the expected UE behaviour where 3ms must pass before the potential reception of a subsequent DL scheduling for the “HARQ process(es) with HARQ feedback disabled”, which works when either one HARQ process or more HARQ processes are in use’, and therefore should be the one supported.
· [bookmark: _Toc115380712]Option 2: UE is not required to monitor PDCCH in a period of Y(ms) from the end of reception of the last PDSCH
· [bookmark: _Toc115380713]Y=3
4	Scenario where “HARQ feedback” is enabled for some HARQ processes and disabled for others
According with the agreements, enabling/disabling HARQ feedback will be supported for IoT-NTN. Hence, how to handle a mixed scenario where “HARQ feedback” is enabled for some HARQ processes and disabled for some other ones needs to be addressed.
[bookmark: _Toc115380696]Given that enabling/disabling HARQ feedback will be supported for IoT-NTN, how to handle a mixed scenario where “HARQ feedback” is enabled for some HARQ processes and disabled for some other ones needs to be addressed.
In sections 4.1 and 4.2 for NB-IoT and LTE-MTC respectively, we provide our views on this topic pointing out important legacy aspects to consider. 
4.1	NB-IoT: how to handle a scenario where “HARQ feedback” is enabled for one HARQ processes and disabled for the other one.
When “Disabling of HARQ feedback” is in place, NPUSCH Format 2 is not transmitted and instead the subsequent NPDCCH scheduling data is expected to be received as soon as DL monitoring is allowed. However, when there are two HARQ processes in use, one of them may have its “HARQ feedback enabled” whereas the other one may have its “HARQ feedback disabled”. Below we analyse in section 4.1.1 the case where the “HARQ feedback” is disabled for the 1st HARQ processes and enabled for the 2nd HARQ processes, and then in section 4.1.2 the other way around where the “HARQ feedback” is enabled for the 1st HARQ processes and disabled for the 2nd HARQ processes.
4.1.1	“HARQ feedback” is disabled for the 1st HARQ processes and enabled for the 2nd HARQ processes
In a NB-IoT scenario with two HARQ processes using “Option 2” (i.e., “Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH, Y=12”), we analyse the case where the “HARQ feedback” is disabled for the 1st HARQ processes and enabled for the 2nd HARQ processes.

Table 5A: Option 2, Two HARQ processes where “HARQ feedback” is disabled for the 1st HARQ processes and enabled for the 2nd HARQ processes
	Conflict due to the not possible Tx and Rx at the same time
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
X
	
	
	
	

	Earliest DL Reception of the subsequent HARQ Process as per “Option 2”
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

↓
	
	


	
	

	Subrame#
	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
	33
	34
	35
	36
	37
	38
	39
	40
	41

	NPDCCH
	0
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	

	NPDSCH
	
	
	
	
	
	0
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
For HARQ Process #0
	NPUSCH Format 2 Disabled, instead Y = 12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
12ms
	
	
	
	
	

	
	NDPCCH to NPDSCH delay
	
	4ms
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 
	

	
For HARQ Process #1
	NPUSCH Format 2 Enabled
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2ms
	
	
	

	
	NDPCCH to NPDSCH delay
	
	
	
	12ms
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



The diagram above shows that if “HARQ feedback is disabled for the 1st HARQ processes and enabled for the 2nd HARQ processes”, there is a problem since 12ms “from the end of reception of the last NPDSCH” at subframe# 37, HARQ process #0 is meant to receive the subsequent NPDCCH whereas HARQ process#1 is meant to transmit NPUSCH Format 2, so there is an Rx/Tx conflict at the subframe after 12ms “from the end of reception of the last NPDSCH”.
4.1.2	“HARQ feedback” is enabled for the 1st HARQ processes and disabled for the 2nd HARQ processes
In this section we analyse the case where the “HARQ feedback” is enabled for the 1st HARQ processes and disabled for the 2nd HARQ processes.

Table 5B: Option 2, Two HARQ processes where “HARQ feedback” is enabled for the 1st HARQ processes and disabled for the 2nd HARQ processes
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In the diagram above we can see that at subframe# 27 NPUSCH Format 2 is transmitted for HARQ process#0 and few milliseconds later the subsequent NPDCCH for HARQ process #1 would be allowed to be received earliest at subframe #37. In principle there is no Rx/Tx conflict, however the fixed reference timing of Y =12ms during which the “UE is not required to monitor NPDCCH” won’t be suitable when NPUSCH Format2 is required to use repetitions and we also need to consider that NPUSCH Format 2 can use a subcarrier spacing of 15KHz (RU length 2ms) or 3.75KHz (RU length 8ms).
[bookmark: _Hlk113995617]4.1.3	Summary: NB-IoT scenario where “HARQ feedback” is enabled for one HARQ processes and disabled for the other one
Based on the analysis on 4.1.1 and 4.1.2 we have the following observations and proposals:
[bookmark: _Toc115380697]When there are two HARQ processes in use, if “HARQ feedback is disabled for the 1st HARQ processes and enabled for the 2nd HARQ processes”, there is an Rx/Tx conflict at the subframe right after 12ms “from the end of reception of the last NPDSCH”
· [bookmark: _Toc115380698]The Rx/Tx issue happens even without considering NPUSCH Format 2 repetitions nor the usage of a SCS of 3.75KHz, and there is no time for UL-to-DL switching.
[bookmark: _Toc115380699]When there are two HARQ processes in use, if “HARQ feedback is enabled for the 1st HARQ processes and disabled for the 2nd HARQ processes”, there is a risk of Rx/Tx conflict at the subframe right after 12ms “from the end of reception of the last NPDSCH”:
· [bookmark: _Toc115380700]The Rx/Tx conflict depends on whether NPUSCH Format 2 uses repetitions.
· [bookmark: _Toc115380701]NPUSCH Format 2 can use a subcarrier spacing (SCS) of either 15KHz (RU = 2ms) or 3.75KHz (RU = 8ms), the latter increases the chances of a Rx/Tx conflict.
[bookmark: _Toc115380714]For NB-IoT when there are two HARQ processes in use, and “HARQ feedback” is enabled for one HARQ processes and disabled for the other one, to avoid an Rx/Tx conflict RAN1 down-selects between:
· [bookmark: _Toc115380715]Alt-1: If among the two HARQ processes in use one of them has been required to have “HARQ feedback enabled” and hence NPUSCH Format 2 must be transmitted, then by default an “ACK” is generated for the HARQ processes with “HARQ feedback disabled”, and the legacy procedure to transmit NPUSCH Format 2 is followed for all HARQ processes.
· [bookmark: _Toc115380716]Alt-2: If among the two HARQ process in use one of them has been required to have “HARQ feedback enabled” and hence NPUSCH Format 2 must be transmitted, to keep the “disabling approach” for the “HARQ process with disabled feedback” (i.e., without incurring in an Rx/Tx issue) then:
· 
[bookmark: _Toc115380717]To the 12ms “from the end of reception of the last NPDSCH” we add the legacy variable that accounts for NPUSCH Format 2 repetitions and the RU length that depends on the configured SCS, plus 1ms for UL-to-DL switching. That is: “Y = 12 + (RU length in ms) + 1” in ms. 
4.2	LTE-MTC: how to handle a scenario where “HARQ feedback” is enabled for some HARQ processes and disabled for the other ones.
When “Disabling of HARQ feedback” is in place, PUCCH is not transmitted and instead the subsequent PDCCH scheduling data is expected to be received as soon as DL monitoring is allowed. However, when there is more than one HARQ process in use, one or more of them may have their “HARQ feedback enabled” whereas some other ones may have their “HARQ feedback disabled”. Below in section 4.2.1, we analyse the case where three out of ten HARQ processes in use have their “HARQ feedback enabled” whereas all other HARQ processes have their “HARQ feedback disabled”.
[bookmark: _4.2.1_“HARQ_feedback”]4.2.1	“HARQ feedback” is enabled for the 1st, 2nd, and 3rd HARQ processes and disabled for the other 7 HARQ processes in use
In an LTE-MTC scenario with Ten HARQ processes using “Option 2” (i.e., “Option 2: UE is not required to monitor PDCCH in a period of Y(ms) from the end of reception of the last NPDSCH, Y= 3”), we analyse the case where the “HARQ feedback” is disabled for the 1st, 2nd, and 3rd HARQ processes and enabled for the other 7 HARQ processes.

Table 6: 10 HARQ processes where “HARQ feedback” is enabled for the 1st, 2nd, and 3rd HARQ processes and disabled for the other 7 HARQ processes for a Cat-M1 HD-FDD UE for NTN.
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[bookmark: _Hlk114042589]From the diagram above we can see that using “HARQ-ACK bundling”, PUCCH#0 can contain the ACKs/NACKs of HARQ processes #0, #1, and 2 and therefore the subsequent MPDCCH scheduling for HARQ process# 3 and the other HARQ processes can occur from subframe #15 onwards. However, there will be a Tx/Rx conflict if no “HARQ-ACK bundling is used”. Moreover, even using only one HARQ process with “HARQ feedback enabled” along with PUCCH repetitions can lead to an Rx/Tx conflict or no time for performing an UL-to-DL switching.
4.2.2	Summary: LTE-MTC scenario where “HARQ feedback” is enabled for some HARQ processes and disabled for the other ones
Based on the analysis performed on 4.2.1 we have the following observations and proposals:

[bookmark: _Toc115380702]When there is more than one HARQ process in use, towards receiving subsequent scheduling for the HARQ processes with disabled “HARQ feedback”, even only one HARQ process with “HARQ feedback enabled” using PUCCH repetitions can lead to an Rx/Tx conflict or no time for performing an UL-to-DL switching.
[bookmark: _Toc115380703]When there is more than one HARQ process in use, even if no PUCCH repetitions were used for the “HARQ processes” with enabled “HARQ feedback”:
· [bookmark: _Toc115380704]As few as two “HARQ processes” with enabled “HARQ feedback” and no “HARQ-ACK bundling” will result in not enough time for performing an UL-to-DL switching.
· [bookmark: _Toc115380705]As few as three “HARQ processes” with enabled “HARQ feedback” and no “HARQ-ACK bundling” will result in an Rx/Tx conflict.
[bookmark: _Toc115380718]For LTE-MTC when there is more than one HARQ process in use, and “HARQ feedback” is enabled for at least one among all HARQ processes, then to avoid an Rx/Tx conflict RAN1 down-selects between:
· [bookmark: _Toc115380719]Alt-1: If at least one among all the HARQ process in use has been required to have “HARQ feedback enabled” and hence PUCCH must be transmitted, then by default an “ACK” is generated for the HARQ processes with “HARQ feedback disabled”, and the legacy procedure to transmit PUCCH is followed for all HARQ processes.
· [bookmark: _Toc115380720]Alt-2: If at least one among all the HARQ process in use has been required to have “HARQ feedback enabled” and hence PUCCH must be transmitted, to keep the “disabling approach” for the “HARQ process(es) with disabled feedback” (i.e., without incurring in an Rx/Tx issue) then:
· [bookmark: _Toc115380721]To the 3ms “from the end of reception of the last PDSCH” we account for the location of PUCCH, we add the legacy variable that accounts for PUCCH repetitions, the number PUCCHs, plus 1ms for UL-to-DL switching (when needed depending on the location of PUCCH). That is: “Y = (3-floor(1/x) + pucch-NumRepetitionCE (#PUCCHs) + floor(x/3)” in ms. 
[bookmark: _Toc115380722]Where x = number of milliseconds “from the end of reception of the last PDSCH” till the subframe before the first transmitted PUCCH.
In Annex 1 we provide two examples where “Y = (3-floor(1/x) + pucch-NumRepetitionCE (#PUCCHs) + floor(x/3) in ms” is used to keep the disabling approach without incurring in an Rx/Tx issue.
5	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	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, RRC signalling requires performing first a re-configuration to enabling/disabling HARQ feedback before being able to act on the needs of a given scenario.
Observation 2	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, RRC signalling requires performing first a re-configuration to enabling/disabling HARQ feedback before being able to act on the needs of a given scenario.
Observation 3	When HARQ feedback is disabled and NPUSCH Format 2 is not 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 4	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.
	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.
	Legacy delays are an important part of what makes the IoT technologies having a low complexity and a low cost.
Observation 5	When there are two HARQ processes in use, the disabling approach as per “Option 1” sets the starting point (according with 12ms) for the subsequent transmission of the first HARQ processes but puts an unnecessary restriction on the subsequent scheduling of the second HARQ process.
Observation 6	When there are two HARQ processes in use, the disabling approach as per “Option 2” sets the starting point (according with 12ms) for the subsequent transmission of the first HARQ processes and leaves up to the eNodeB the scheduling of the second HARQ process.
Observation 7	The “legacy statement” in TS 36.213 clause 16.6 when “the UE is not required to transmit a corresponding NPUSCH format 2” is similar to “Option 1”, however “Option 1” explicitly mentions “for that HARQ process” whereas the “legacy statement” doesn’t mention it, which makes them different.
Observation 8	When there are two HARQ processes in use with “HARQ feedback disabled”, the “legacy statement” in TS 36.213 clause 16.6 extends the DL monitoring towards the subsequent transmission of NPDCCH for the first HARQ processes.
	This happens because the no-monitoring period for the first HARQ process ends-up “semi-overlapped and concatenated” with the no-monitoring period for the second HARQ process. This behaviour occurs because the “legacy statement” was tailor-made for a “single HARQ process scenario”. Somehow the result of the “legacy statement” (coincidentally because of the “semi-overlapped concatenation”) in the end happens to mimic “option 2”.
Observation 9	Upon comparing “Option 1”, “Option 2”, and the “legacy statement in TS 36.213 clause 16.6 when the UE is not required to transmit a corresponding NPUSCH format 2”, it seems that “Option 2” resembles the expected UE behaviour when the “Disabling of HARQ feedback” approach is in place.
Observation 10	When HARQ feedback is disabled and PUCCH is not 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 11	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.
	Thus, when HARQ feedback is disabled, the earliest the DL monitoring should start is precisely the subframe at which PUCCH would be otherwise transmitted.
	Legacy delays are an important part of what makes the IoT technologies have a low complexity and a low cost.
Observation 12	When there is more than one HARQ process in use, the disabling approach as per “Option 2” sets the starting point (according with 3ms) for the subsequent transmission of the first HARQ process and leaves up to the eNodeB scheduling the subsequent transmissions of the other HARQ processes.
Observation 13	Given that enabling/disabling HARQ feedback will be supported for IoT-NTN, how to handle a mixed scenario where “HARQ feedback” is enabled for some HARQ processes and disabled for some other ones needs to be addressed.
Observation 14	When there are two HARQ processes in use, if “HARQ feedback is disabled for the 1st HARQ processes and enabled for the 2nd HARQ processes”, there is an Rx/Tx conflict at the subframe right after 12ms “from the end of reception of the last NPDSCH”
	The Rx/Tx issue happens even without considering NPUSCH Format 2 repetitions nor the usage of a SCS of 3.75KHz, and there is no time for UL-to-DL switching.
Observation 15	When there are two HARQ processes in use, if “HARQ feedback is enabled for the 1st HARQ processes and disabled for the 2nd HARQ processes”, there is a risk of Rx/Tx conflict at the subframe right after 12ms “from the end of reception of the last NPDSCH”:
	The Rx/Tx conflict depends on whether NPUSCH Format 2 uses repetitions.
	NPUSCH Format 2 can use a subcarrier spacing (SCS) of either 15KHz (RU = 2ms) or 3.75KHz (RU = 8ms), the latter increases the chances of a Rx/Tx conflict.
Observation 16	When there is more than one HARQ process in use, towards receiving subsequent scheduling for the HARQ processes with disabled “HARQ feedback”, even only one HARQ process with “HARQ feedback enabled” using PUCCH repetitions can lead to an Rx/Tx conflict or no time for performing an UL-to-DL switching.
Observation 17	When there is more than one HARQ process in use, even if no PUCCH repetitions were used for the “HARQ processes” with enabled “HARQ feedback”:
	As few as two “HARQ processes” with enabled “HARQ feedback” and no “HARQ-ACK bundling” will result in not enough time for performing an UL-to-DL switching.
	As few as three “HARQ processes” with enabled “HARQ feedback” and no “HARQ-ACK bundling” will result in an Rx/Tx conflict.

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

Proposal 1	For “LTE-MTC over NTN” to configure/indicate enabling/disabling of 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	For NB-IoT, “Option 2” resembles the expected UE behaviour where 12ms must pass before the potential reception of a subsequent DL scheduling for the “HARQ process(es) with HARQ feedback disabled”, which works when either one HARQ process or two HARQ processes are in use’, and therefore should be the one supported.
­	Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
­	Y=12
Proposal 4	For LTE-MTC, “Option 2” resembles the expected UE behaviour where 3ms must pass before the potential reception of a subsequent DL scheduling for the “HARQ process(es) with HARQ feedback disabled”, which works when either one HARQ process or more HARQ processes are in use’, and therefore should be the one supported.
­	Option 2: UE is not required to monitor PDCCH in a period of Y(ms) from the end of reception of the last PDSCH
­	Y=3
Proposal 5	For NB-IoT when there are two HARQ processes in use, and “HARQ feedback” is enabled for one HARQ processes and disabled for the other one, to avoid an Rx/Tx conflict RAN1 down-selects between:
	Alt-1: If among the two HARQ processes in use one of them has been required to have “HARQ feedback enabled” and hence NPUSCH Format 2 must be transmitted, then by default an “ACK” is generated for the HARQ processes with “HARQ feedback disabled”, and the legacy procedure to transmit NPUSCH Format 2 is followed for all HARQ processes.
	Alt-2: If among the two HARQ process in use one of them has been required to have “HARQ feedback enabled” and hence NPUSCH Format 2 must be transmitted, to keep the “disabling approach” for the “HARQ process with disabled feedback” (i.e., without incurring in an Rx/Tx issue) then:

o	To the 12ms “from the end of reception of the last NPDSCH” we add the legacy variable that accounts for NPUSCH Format 2 repetitions and the RU length that depends on the configured SCS, plus 1ms for UL-to-DL switching. That is: “Y = 12 + (RU length in ms) + 1” in ms.
Proposal 6	For LTE-MTC when there is more than one HARQ process in use, and “HARQ feedback” is enabled for at least one among all HARQ processes, then to avoid an Rx/Tx conflict RAN1 down-selects between:
	Alt-1: If at least one among all the HARQ process in use has been required to have “HARQ feedback enabled” and hence PUCCH must be transmitted, then by default an “ACK” is generated for the HARQ processes with “HARQ feedback disabled”, and the legacy procedure to transmit PUCCH is followed for all HARQ processes.
	Alt-2: If at least one among all the HARQ process in use has been required to have “HARQ feedback enabled” and hence PUCCH must be transmitted, to keep the “disabling approach” for the “HARQ process(es) with disabled feedback” (i.e., without incurring in an Rx/Tx issue) then:
o	To the 3ms “from the end of reception of the last PDSCH” we account for the location of PUCCH, we add the legacy variable that accounts for PUCCH repetitions, the number PUCCHs, plus 1ms for UL-to-DL switching (when needed depending on the location of PUCCH). That is: “Y = (3-floor(1/x) + pucch-NumRepetitionCE (#PUCCHs) + floor(x/3)” in ms.
Where x = number of milliseconds “from the end of reception of the last PDSCH” till the subframe before the first transmitted PUCCH.
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[bookmark: _6_Annex_1:]6	Annex 1: LTE-MTC over NTN scenario with hybrid enabled/disabled HARQ feedback
A1.1	LTE-MTC: 4 HARQ processes scenario where HARQ processes #0, #1, and #2 have their “HARQ feedback enabled,” whereas HARQ process #3 has its “HARQ feedback disabled”
Example applying “Y = (3-floor(1/x)) + pucch-NumRepetitionCE (#PUCCHs) + floor(x/3)” ms on a scenario where there are four HARQ processes in use. In this scenario it is assumed that HARQ processes #0, #1, and #2 have their “HARQ feedback enabled,” whereas HARQ process #3 has its “HARQ feedback disabled”.
Table A1: 4 HARQ processes scenario where “HARQ feedback” is enabled for the 1st, 2nd and 3rd HARQ processes and disabled for the 4th HARQ processes for a Cat-M1 HD-FDD UE for NTN.
	Earliest DL Reception of the subsequent HARQ Processes #3 according with Y = 3ms + pucch-NumRepetitionCE (#PUCCHs) + floor(x) ms
	
	
	
	
	
	
	
	
	
	
	↓

	Subframe #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	MPDCCH
	0
	1
	2
	3
	
	
	
	
	
	
	

	PDSCH    
	
	
	0
	1
	2
	3
	
	
	
	
	

	PUCCH     ACK/NACK (Bundling responses for HARQ processes #0, #1, and #2)
	
	
	
	
	
	
	
	
	0
{0,
1,
2}
	
	



HARQ process number #3 has PUCCH disabled and instead of transmitting it starts monitoring in DL at subframe #10 according with Y = (3-floor(1/x)) + pucch-NumRepetitionCE (#PUCCHs) + floor(x/3) ms, where:
· pucch-NumRepetitionCE = 1
· #PUCCHs = 1
· x = number of milliseconds “from the end of reception of the last PDSCH” till the subframe before the first transmitted PUCCH = 2. 
Hence Y = (3-floor(1/2)) + 1 (1) + floor(2/3) = 3+1+0 = 4 ms. If for HARQ process#3 which has its “HARQ feedback disabled” the “UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH”, then with the updated Y = 4 ms the UE won’t be required to monitor subframe #6, #7, #8, and #9 and therefore would be able to start monitoring in DL from subframe #10 for a potential reception of a DL scheduling.

A1.2	LTE-MTC: 10 HARQ processes where “HARQ feedback” is enabled for the 1st, 2nd, and 3rd HARQ processes and disabled for the other 7 HARQ processes
For comparison purposes. If for the scenario depicted using Table 6 in section 4.2.1, we apply Y = (3-floor(1/x)) + pucch-NumRepetitionCE (#PUCCHs) + floor(x/3) ms, where:
· pucch-NumRepetitionCE = 1
· #PUCCHs = 1
· x = number of milliseconds “from the end of reception of the last PDSCH” till the subframe before the first transmitted PUCCH = 1. 
Hence Y = (3-floor(1/1)) + 1 (1) + floor(1/3) = 2+1+0 = 3ms. If for HARQ process#3 which has its “HARQ feedback disabled” the “UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH”, then with the updated Y = 3ms the UE won’t be required to monitor subframe #12, #13 and #14 and therefore would be able to start monitoring in DL from subframe #15 for a potential reception of a subsequent DL scheduling.
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