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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


In RAN1# 110bis-e there wasn’t any agreement for LTE-MTC but the agreement for NB-IoT was refined as follows [4]:
	Agreement
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select ONE from the following options at RAN1#111:
· Option 6a-1: Support RRC signaling configured between Option 1 and Option 3
· Option 6a-4: Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission


A follow-up on the agreements reached so far is discussed for NB-IoT and LTE-MTC separately in sections 2.1 and 2.2 respectively.
2.1	NB-IoT on how “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission”
In RAN1# 110bis-e, the “RRC-based switching” solution was analysed in detail, and it was highlighted that:
[bookmark: _Toc118407998]The “RRC-based switching” basically consists of two elements: 1) The RRC re-configuration message per-se and 2) The “HL-ACK”, the latter is transmitted using NPUSCH Format 1. Thus, the “RRC-based switching” due to the required “HL-ACK” will be severely impacted by the RTT.
[bookmark: _Toc118407999]Due that an “RRC-based switching” won’t be timely for several IoT-NTN scenarios. The agreement from RAN1# 110-bis-e has considered the possibility of using a “DCI-based switching” as per option 6a-1 and 6a-4 below:
· [bookmark: _Toc118408000]Option 6a-1: Support RRC signalling configured between Option 1 and Option 3.
· [bookmark: _Toc118408001]Option 6a-4: Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission
Below we discuss Option 6a-1 and 6a-4 separately.
2.1.1	Option 6a-1
According with the agreement from RAN1# 110-bis-e, Option 6a-1 states “Support RRC signalling configured between Option 1 and Option 3”, we need to recall that Option 1 refers to “per HARQ process via UE specific RRC signaling”, whereas Option 3 refers to “explicitly indicated by DCI (e.g., new field or reusing existing field)”.
[bookmark: _Toc118408002]In our understanding (as it has been done in the past with other features), Option 6a-1 would consist of a HL parameter which can be configured to act as either “Option 1: RRC-based switching” or “Option 3: DCI-based switching”. Thus, the operator will have the possibility of deciding using one or the other depending on the foreseen needs.
2.1.2	Option 6a-4
According with the agreement from RAN1# 110-bis-e, Option 6a-4 states “Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission”.
[bookmark: _Toc118408003]In our understanding, Option 6a-4 basically means that for a given HARQ process Option 3 via a DCI indication is empowered to either align or replace what was semi-statically configured for that HARQ process using option 1:
2.1.3	Our view on Option 6a-1 and Option 6a-4
Based on the discussion in sections 2.1.1 and 2.1.2, we have the following observation:
[bookmark: _Toc118408004]In our view, given that the “RRC-based switching” solution is severely impacted by the RTT, the most important thing is to guarantee that IoT-NTN will have available a timely solution (i.e., “DCI-based switching”). Thus, in principle we are equally ok with Option 6a-1 or Option 6a-4.
2.2	LTE-MTC on how “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission”
In RAN1# 110-bis-e, no further agreement was made on whether LTE-MTC will use an “RRC-based switching” or a “DCI-based switching” or both. 
[bookmark: _Toc118408005]In LTE-MTC, the “RRC-based switching” transmits the “HL-ACK” on PUSCH. Thus, the “RRC-based switching” due to the required “HL-ACK” will be severely impacted by the RTT.
[bookmark: _Toc118408006]Due that an “RRC-based switching” won’t be timely for several IoT-NTN scenarios, a “DCI-based switching” should be supported in IoT NTN.
[bookmark: _Toc118408007]Below we provide several technical reasons why LTE-MTC (as NB-IoT) should support a “DCI-based switching”:
· [bookmark: _Toc118408008]In CE Mode A, LTE-MTC supports up to 8, 10, or 14 HARQ processes. However, having several HARQ processes available does not mean that they are in use all the time.
· [bookmark: _Toc118408009]In CE Mode B, LTE-MTC supports only up to 2 HARQ processes (same as NB-IoT).
· [bookmark: _Toc118408010]Under certain conditions (e.g., bad radio conditions) there is no difference between a RAT (e.g., LTE-MTC in CE Mode A) having several HARQ processes available and a RAT (e.g., NB-IoT) that has just a few, since under those conditions both will be subject to use only one HARQ process. In such scenarios it cannot be justified that one RAT will have no other choice than performing an RRC reconfiguration, whereas the other one would be able to perform a dynamic switching.
· [bookmark: _Toc118408011]After realizing the implications behind an “RRC-based switching” and how long time it will take for the switching to take-effect, the “RRC-based switching” won’t be timely for several IoT-NTN scenarios. Hence, both LTE-MTC and NB-IoT should have the possibility of using a “DCI-based switching”.
Accounting for the technical reasons in the observation above, we have the following proposal.
[bookmark: _Toc118408041]For LTE-MTC in IoT-NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select ONE from the following options at RAN1#111:
· [bookmark: _Toc118408042]Option 6a-1: Support RRC signalling configured between Option 1 and Option 3.
· [bookmark: _Toc118408043]Option 6a-4: Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission.
3	Follow-up: “(N)PDSCH/(N)PDCCH scheduling restriction”
In sections 3.1 and 3.2 we discuss the “(N)PDSCH/(N)PDCCH scheduling restriction” for NB-IoT and LTE-MTC respectively. 
3.1	NB-IoT on “how to support enabling and disabling HARQ feedback for downlink transmissions”
In RAN1# 110-bis-e, the following was endorsed over e-mail [4]:
	Agreement
[bookmark: _Hlk117589493]For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH.




The wording endorsed over e-mail does not correspond to “option 1” nor “option 2” from RAN1# 110, hence there was a discussion on how to interpret the modified wording. During the discussions companies aligned views on how to interpret and apply the endorsed wording when all HARQ processes have their “HARQ feedback disabled” as illustrated in section 3.1.1. Thereafter, there was a discussion on how the endorsed wording should be applied and combined with legacy statements as to handle more complex scenarios (i.e., mixed enabling/disabling scenarios) as illustrated in section 3.1.2.   
3.1.1 “Scheduling Restriction” for NB-IoT when all HARQ processes have “HARQ Feedback” disabled.
The endorsed wording says: “For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH”. The semantic structure of the wording written in “singular” implies that such a wording is to be applied per HARQ process.
[bookmark: _Toc118408012]When there are two HARQ processes in use both with “HARQ feedback disabled”, the wording on “scheduling restriction” from RAN1# 110-bis-e is applied per HARQ process.
· [bookmark: _Toc118408013]Depending on the duration of the PDSCH transmissions, the no-monitoring period associated to the 1st HARQ process may partially overlap with the no-monitoring period associated to the 2nd HARQ process which combined result in a longer no-monitoring period. 
Upon applying the endorsed wording per HARQ process in a scenario with two HARQ processes both with disabled “HARQ feedback” the behaviour is as follows:
Table 1 Endorsed wording behaviour for a scenario with two HARQ processes both with disabled HARQ feedback
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Note: The arrow pointing downwards “↓” refers to the earliest subframe from which the subsequent NPDCCH can be received.
3.1.2 “Scheduling Restriction” for NB-IoT in a mixed enabling/disabling scenario when one HARQ process has “HARQ Feedback” enabled, and the other one has “HARQ Feedback disabled”.
The endorsed wording says: “For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH”. However, for the endorsed wording to work in a mixed enabling/disabling scenario, there is a need to properly combine it with the following legacy statement as applies to terrestrial networks (see highlighted text) [5]:
	If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m or in a NTN serving cell, from an uplink subframe which, after accounting for uplink transmission timing, overlaps with downlink subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1. 
-	for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.



[bookmark: _Toc118408014]When there are two HARQ processes in use one with “HARQ feedback disabled” and the other one with “HARQ feedback enabled”, the wording on “scheduling restriction” from RAN1# 110-bis-e must be properly combined with a legacy statement in TS 36.213 clause 16.6 as applies to terrestrial networks.
Two cases are analysed:
· Section 3.1.2.1 when the 1st HARQ process has “HARQ feedback” enabled and the 2nd HARQ process has “HARQ feedback” disabled.

· Section 3.1.2.2 when the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled. 
3.1.2.1	“Scheduling Restriction” when the 1st HARQ process has “HARQ feedback” enabled and the 2nd HARQ process has “HARQ feedback” disabled.
To handle a scenario where the 1st HARQ process has “HARQ feedback” enabled and the 2nd HARQ process has “HARQ feedback” disabled, the endorsed wording on the “Scheduling Restriction” from RAN1# 110-bis-e is combined with the legacy statement in TS 36.213 clause 16.6 [5].
[bookmark: _Toc118408015]In a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” enabled and the 2nd HARQ process has “HARQ feedback” disabled:
· [bookmark: _Toc118408016]For HARQ process#0 the legacy no-monitoring statement in TS 36.213 clause 16.6 for NPUSCH Format 2 applies the no-monitoring from the subframe where the NPDSCH transmission for HARQ process#0 starts, till the subframe before the NPUSCH Format 2 transmission starts. 
· [bookmark: _Toc118408017]For HARQ process#1 the no-monitoring as per the endorsed wording from RAN1# 110-bis-e, lasts for 12ms starting from the subframe after NPDSCH for HARQ process#1.

Table 2 Endorsed wording behaviour in a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” enabled and the 2nd HARQ process has “HARQ feedback” disabled
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Note: The arrow pointing downwards “↓” refers to the earliest subframe from which the subsequent NPDCCH for the HARQ process with “HARQ feedback disabled” can be received.
[bookmark: _Toc118408018]In a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” enabled and the 2nd HARQ process has “HARQ feedback” disabled:
· [bookmark: _Toc118408019]Upon applying the “Scheduling Restriction” from RAN1# 110-bis-e combined with the legacy statement in TS 36.213 clause 16.6, the resulting behaviour:
· [bookmark: _Toc118408020]Won’t incur in a Tx/Rx issue if NPUSCH Format 2 is not required to use repetitions.
· [bookmark: _Toc118408021]May incur in a Tx/Rx issue if NPUSCH Format 2 is required to use repetitions, the risk increases depending on the RU length of NPUSCH Format 2. 
3.1.2.2	“Scheduling Restriction” when the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled.
To handle a scenario where the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled, the endorsed wording on the “Scheduling Restriction” from RAN1# 110-bis-e is combined with the legacy statement in TS 36.213 clause 16.6.
[bookmark: _Toc118408022]In a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled:
· [bookmark: _Toc118408023]For HARQ process#0 the no-monitoring as per the endorsed wording from RAN1# 110-bis-e, lasts for 12ms starting from the subframe after NPDSCH for HARQ process#0.
· [bookmark: _Toc118408024]For HARQ process#1 the legacy no-monitoring statement in TS 36.213 clause 16.6 for NPUSCH Format 2 applies the no-monitoring from the subframe where the NPDSCH transmission for HARQ process#1 starts, till the subframe before the NPUSCH Format 2 transmission starts.

Table 3 Endorsed wording behaviour in a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	↓
	
	
	
	
	
	
	
	
	
	
	
	
	



…

	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
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	

	NPDCCH
	0
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NPDSCH
	
	
	
	
	
	0
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NPUSCH Format 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	No monitoring NPDCCH
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	No monitoring NPDCCH due to clause 16.6 in TS 36.213
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note: The arrow pointing downwards “↓” refers to the earliest subframe from which the subsequent NPDCCH for the HARQ process with “HARQ feedback disabled” can be received.
[bookmark: _Toc118408025]In a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled:
· [bookmark: _Toc118408026]Upon applying the “Scheduling Restriction” from RAN1# 110-bis-e combined with the legacy statement in TS 36.213 clause 16.6, the resulting behaviour:
· [bookmark: _Toc118408027]Is prone to a Tx/Rx issue even if NPUSCH Format 2 is not required to use repetitions.
· [bookmark: _Toc118408028]This happens because the earliest subframe from which the subsequent NPDCCH for the HARQ process with “HARQ feedback disabled” can be received is the same as the subframe where NPUSCH Format 2 is transmitted.
When the “Scheduling Restriction” from RAN1# 110-bis-e is combined with the legacy statement in TS 36.213 clause 16.6, sometimes those no-monitoring rules indicate that the DL monitoring can start at the exact same subframe where an NPUSCH Format 2 transmission occurs, so the question is how this will be handled (especially if the NPUSCH transmission uses repetitions). 
[bookmark: _Toc118408029]How to handle the case when the earliest monitoring happens to coincide with an NPUSCH Format 2 transmission or the empty subframe required to perform the “UL-to-DL switching” needs to be discussed.
To address observation 15, it seems that there are two possibilities that can be considered:
· Option 1: The no-monitoring rules (i.e., endorsed wording combined with legacy no-monitoring rule) are applied and if the earliest monitoring happens to coincide with an NPUSCH Format 2 transmission, then the DL monitoring is overturned since the Half-duplex device will be in uplink-mode till the NPUSCH transmission has ended. However, even under that assumption the DL monitoring cannot start right after the end of the NPUSCH Format 2 transmission since at least 1 subframe would need to be guaranteed to perform an UL-to-DL switching. So, even If this approach were followed, a variant of the legacy rule cited below would be needed:

· In the legacy specification TS 36.213 also in clause 16.6, the following statement can be found:

	If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3]for FDD ; and
-	the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3 or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3;



· A slight variant is needed since the above says “for the same HARQ process ID as the NPUSCH transmission”, in our case the NPUSCH transmission does not correspond to the same HARQ process ID, thus a bullet that matches our case would need to be added, for example: 

	-	if ce-PDSCH-EnabligDisablingHARQFeedback-Config is configured, the UE is not expected to receive an NPDCCH with DCI format N1 as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3;



· Upon applying the above as a complementary rule on the scenario depicted in Table 4a, where “the UE has an NPUSCH transmission ending in subframe 38”, then the “the UE is not expected to receive an NPDCCH with DCI format N1 as the NPUSCH transmission in any subframe starting from subframe n+1 = 39 to subframe n+3 = 41”, this means that NPDCCH won’t be monitored while NPUSCH Format 2 is being transmitted (because the half-duplex device is in UL-mode) nor during three subframes after the NPUSCH Format 2 transmission has ended as to give time to perform the UL-to-DL switching. Thus, the earliest monitoring of the subsequent NPDCCH for the HARQ process with disabled “HARQ feedback” can start from subframe# 42 onwards without any risk of Tx/Rx collision and without wasting battery unnecessarily.

Table 4a Endorsed wording behaviour including “Option 1” in a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled
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· Note: The arrow pointing downwards “↓” refers to the earliest subframe from which the subsequent NPDCCH for the HARQ process with “HARQ feedback disabled” can be received.

· Option 2: The no-monitoring rules (i.e., endorsed wording combined with legacy no-monitoring rule) are applied and if the earliest monitoring happens to coincide with an NPUSCH Format 2 transmission, then a complementary no-monitoring rule can be added where NPDCCH won’t be monitored while NPUSCH Format 2 is being transmitted (accounting for the RU length, number of repetitions) nor during the UL-to-DL switching subframe.

	-	if ce-PDSCH-EnabligDisablingHARQFeedback-Config is configured, the UE is not expected to receive an NPDCCH with DCI format N1 in any subframe starting from subframe n+1-(RU length) to subframe n+1;



· Upon applying the above as a complementary rule on the scenario depicted in Table 4b, where “the UE has an NPUSCH transmission ending in subframe 38”, then the “the UE is not expected to receive an NPDCCH with DCI format N1 in any subframe starting from subframe 38+1-1(2) = 37 to subframe 38+1 = 39”, this means that NPDCCH won’t be monitored while NPUSCH Format 2 is being transmitted nor during the UL-to-DL switching subframe. Thus, the earliest monitoring of the subsequent NPDCCH for the HARQ process with disabled “HARQ feedback” can start from subframe# 40 onwards without any risk of Tx/Rx collision and without wasting battery unnecessarily.

Table 4b Endorsed wording behaviour including “Option2” in a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled
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	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
	42
	43
	44
	45
	46
	47
	48
	49
	

	NPDCCH
	0
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	
	
	
	
	
	
	

	NPDSCH
	
	
	
	
	
	0
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	

	NPUSCH Format 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	No monitoring NPDCCH
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	No monitoring NPDCCH due to clause 16.6 in TS 36.213
	No monitoring NPDCCH
	
	
	
	
	
	
	
	
	
	
	


Note: The arrow pointing downwards “↓” refers to the earliest subframe from which the subsequent NPDCCH for the HARQ process with “HARQ feedback disabled” can be received.

[bookmark: _Toc118408044]For the “Scheduling Restriction” from RAN1# 110-bis-e to work in a variety of scenarios (i.e., without incurring in any issue), it must be combined with two complementary “no monitoring” rules: 
· [bookmark: _Toc118408045]No monitoring rule till NPUSCH Format 2 is transmitted. Fully re-used from TS 36.213 clause 16.6 but in its version for Terrestrial Networks:
· [bookmark: _Toc118408046]If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
· [bookmark: _Toc118408047]for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
· [bookmark: _Toc118408048]No monitoring rule while NPUSCH is being transmitted. Two options (variants of a legacy wording/statement in TS 36.213 clause 16.6) can be considered towards performing a down-selection:
· [bookmark: _Toc118408049]if the UE has a NPUSCH transmission ending in subframe n,
· [bookmark: _Toc118408050]Option 1: This option only takes care of guaranteeing time for UL-to-DL switching, relying on the fact that a half-duplex UE will anyway not monitor DL while in UL-mode during the NPUSCH Format 2 Transmission, the rule is:
· [bookmark: _Toc118408051]The UE is not expected to receive an NPDCCH with DCI format N1 as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3.
· [bookmark: _Toc118408052]Option 2: This option explicitly indicates NPDCCH won’t be monitored while NPUSCH Format 2 is being transmitted (accounting for the RU length, number of repetitions) nor during the UL-to-DL switching subframe, the rule is:
· [bookmark: _Toc118408053]The UE is not expected to receive an NPDCCH with DCI format N1 in any subframe starting from subframe n+1-(RU length) to subframe n+1.
3.2	LTE-MTC on “how to support enabling and disabling HARQ feedback for downlink transmissions” 
If we apply the endorsed wording from RAN1# 110-bis-e to LTE-MTC just using Y = 3 ms, it will read as follows: “For a DL HARQ process with disabled HARQ feedback in LTE-MTC, UE is not required to monitor MPDCCH in a period of Y=3(ms) from the end of reception of the PDSCH”.
Upon applying the wording from RAN1# 110-bis-e (adapted to LTE-MTC) in a scenario with ten HARQ processes all with disabled “HARQ feedback” the behaviour is as follows:
Table 5 Endorsed wording behaviour adapted to LTE-MTC for a scenario with ten HARQ processes all with disabled HARQ feedback
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	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
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	

	MPDCCH
	0
	1
	2
	
	
	
	
	
	3 or 0
	3
or 
0 or
4
or 
1  
	3
or 
0 or
4
or 
1
or
5
or 
2  
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	PDSCH
	
	
	0
	1
	2
	
	
	
	
	
	?
	?
	?
	
	
	
	
	
	?
	?
	?
	
	
	
	
	
	?
	?
	?
	
	
	
	
	
	?
	?
	?
	
	
	
	
	
	?
	?
	?
	
	
	
	
	
	

	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	

	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	

	
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	


Note: The arrow pointing downwards “↓” refers to the earliest subframe from which the subsequent MPDCCH for the HARQ process with “HARQ feedback disabled” can be received.
[bookmark: _Toc118408030]Due that in LTE-MTC e.g., in CE Mode A there is a possibility of using more than two HARQ processes, and due that the timing-relations between physical channels are different than in NB-IoT, the “scheduling restriction” for NB-IoT from RAN1# 110-bis-e does not seem to be suitable for LTE-MTC
· [bookmark: _Toc118408031]The “scheduling restriction” from RAN1# 110-bis-e is not suitable for LTE-MTC, since it creates gaps every three MPCCH transmissions, which e.g., does not allow transmitting back-to-back MPDCCH 0 to 9 and PDSCH 0 to 9 respectively if there were 10 HARQ processes in use.
[bookmark: _Toc118408032]The “scheduling restriction” adopted for LTE-MTC shall not modify the possibility we have in legacy of scheduling back-to-back the maximum number of HARQ processes available.
[bookmark: _Toc118408033]For preserving the legacy behaviour of having the possibility scheduling the maximum number of available HARQ processes back-to-back, the “scheduling restriction” for LTE-MTC can be as follows:
· [bookmark: _Toc118408034]“For a DL HARQ process with disabled HARQ feedback in LTE-MTC, UE is not required to monitor MPDCCH in a period of Y=3(ms) from the end of reception of the closest PDSCH not simultaneously receiving MPDCCH and that has an empty subframe next to it”.
The behaviour is as in Table 6, upon applying the following wording: “For a DL HARQ process with disabled HARQ feedback in LTE-MTC, UE is not required to monitor MPDCCH in a period of Y=3(ms) from the end of reception of the closest PDSCH not simultaneously receiving MPDCCH and that has an empty subframe next to it”.
Table 6 Behaviour upon applying observation 17, for LTE-MTC in a scenario with ten HARQ processes all with disabled HARQ feedback
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…

	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
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	

	MPDCCH
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	0
	1
	2
	3
	4
	

	PDSCH
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	0
	1
	2
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	
	
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	
	
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	


Note: The arrow pointing downwards “↓” refers to the earliest subframe from which the subsequent MPDCCH for the HARQ process with “HARQ feedback disabled” can be received.
3.2.1	“Scheduling Restriction” for LTE-MTC in a mixed enabling/disabling scenario when at least one HARQ process has “HARQ Feedback” enabled, and the other ones have “HARQ Feedback disabled”.
In an LTE-MTC scenario with Four HARQ processes upon applying the wording in “observation 18”, we analyse the case where the “HARQ feedback” is disabled for the 1st, 2nd, and 3rd HARQ processes and enabled for the 4th HARQ process.

Table 7: 4 HARQ processes where “HARQ feedback” is enabled for the 1st, 2nd, and 3rd HARQ processes and disabled for the 4th HARQ process for a Cat-M1 HD-FDD UE for NTN
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	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
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	

	MPDCCH
	0
	1
	2
	3
	
	
	
	
	
	
	0
	1
	2
	3
	
	
	
	
	
	
	0
	1
	2
	3
	
	
	
	
	
	
	0
	1
	2
	3
	
	
	
	
	
	
	0
	1
	2
	3
	
	
	
	
	
	
	

	PDSCH
	
	
	0
	1
	2
	3
	
	
	
	
	
	
	0
	1
	2
	3
	
	
	
	
	
	
	0
	1
	2
	3
	
	
	
	
	
	
	0
	1
	2
	3
	
	
	
	
	
	
	0
	1
	2
	3
	
	
	
	
	

	PUCCH
	
	
	
	
	
	
	
	
	0
{0,
1,
2}
	
	
	
	
	
	
	
	
	
	0
{0,
1,
2}
	
	
	
	
	
	
	
	
	
	0
{0,
1,
2}
	
	
	
	
	
	
	
	
	
	0
{0,
1,
2}
	
	
	
	
	
	
	
	
	
	0
{0,
1,
2}
	
	

	
	
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	
	
	
	
	
	No-monitoring MPDCCH
	
	



[bookmark: _Toc118408035]In a scenario with 4 HARQ processes, where “HARQ feedback” is enabled for the 1st, 2nd, and 3rd HARQ processes and disabled for the 4th HARQ process, the earliest monitoring coincides with the subframe required to perform the “UL-to-DL switching”. In legacy, the legacy delays account to guarantee having a subframe to perform the “UL-to-DL switching”, so this is not left up to the eNodeB to sort it out.
[bookmark: _Toc118408036]How to handle the case when the earliest monitoring happens to coincide with a PUCCH transmission or the empty subframe required to perform the “UL-to-DL switching” needs to be discussed
[bookmark: _Toc118408054]For addressing a variety of scenarios without incurring in a Tx/Rx issue, and to guarantee having a subframe to perform the “UL-to-DL switching”, the “Scheduling Restriction” for LTE-MTC is as follows:
· [bookmark: _Toc118408055]For a DL HARQ process with disabled HARQ feedback in LTE-MTC, UE is not required to monitor MPDCCH in a period of Y (ms) from the end of reception of the closest PDSCH not simultaneously receiving MPDCCH and that has an empty subframe next to it.
· [bookmark: _Toc118408056]Y = (3-floor(1/x) + pucch-NumRepetitionCE (#PUCCHs) + floor(x/3)”. 
· [bookmark: _Toc118408057]Where x = number of milliseconds from “the end of reception of the closest PDSCH not simultaneously receiving MPDCCH and that has an empty subframe next to it” till the subframe before the first transmitted PUCCH.

Applying “proposal 3”, in a scenario with 4 HARQ processes using four repetitions where the “HARQ feedback” is disabled for the 1st, 2nd, and 3rd HARQ processes and enabled for the 4th HARQ process.

Y = (3-floor(1/x)) + pucch-NumRepetitionCE (#PUCCHs) + floor(x/3) ms, where:
· pucch-NumRepetitionCE = 4
· #PUCCHs = 1
· x = number of milliseconds from “the end of reception of the closest PDSCH not simultaneously receiving MPDCCH and that has an empty subframe next to it” till the subframe before the first transmitted PUCCH = 1.
 
Hence Y = (3-floor(1/1)) + 4 (1) + floor(1/3) = 2+4+0 = 6 ms. If Y = 6ms, the UE won’t be required to monitor subframe #18, #19, #20, #21, #22, and #23 and therefore it would be able to start monitoring in DL from subframe #24 for a potential reception of a subsequent DL scheduling.
Table 7: 4 HARQ processes where “HARQ feedback” is enabled for the 1st, 2nd, and 3rd HARQ processes and disabled for the 4th HARQ process for a Cat-M1 HD-FDD UE for NTN
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	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
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	

	MPDCCH
	0
	0
	0
	0
	1
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	1
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3
	
	
	
	
	
	
	
	
	0
	0
	

	PDSCH
	
	
	0
	0
	0
	0
	1
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	1
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3
	
	
	
	
	
	
	
	
	

	PUCCH
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{0,
1,
2}
	0
{0,
1,
2}
	0
{0,
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2}
	0
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	0
{0,
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{0,
1,
2}
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{0,
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2}
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{0,
1,
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	No-monitoring MPDCCH
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	No-monitoring MPDCCH
	
	
	



4.1	Other topics 
4.1.1	Support of enabling/disabling HARQ feedback with SPS
In our understanding SPS works on a pre-configuration basis, thus which HARQ processes are enabled/disabled would have to be added as part of the SPS configuration (i.e., along with MCS, number of repetitions, etc). Moreover, it is important to recall that in legacy SPS can be overridden at any time by a dynamic scheduling.
[bookmark: _Toc118408037]About the impact on SPS from the enabling/disabling switching as per either “Option 6a-1” or “6a-4”, in our understanding there is no impact due that SPS works on a pre-configuration basis.
[bookmark: _Toc118408038]While SPS transmission are ongoing they follow the SPS configuration (including which HARQ processes will have HARQ feedback enabled and disabled), and only when SPS is overridden by dynamic scheduling then such a dynamic scheduling will dictate the transmission characteristics as per the rules of “Option 6a-1” or “Option 6a-4”.
 
4.1.2	Support of enabling/disabling HARQ feedback with HARQ-ACK bundling
The following draft proposal has been considered in [6]:
[Proposal 5-1a]: 
For eMTC HD-FDD HARQ bundling, the following UE behaviors are considered for the downlink transmission with HARQ process disabled:
· Option 1: ACK is assumed/reported for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission
· Option 2: HARQ feedback is reported only for downlink transmission with HARQ process enabled (e.g., HARQ feedback is not reported for downlink transmission with HARQ process disabled)
· Option 3: HARQ feedback is reported or not depending on the other TBs HARQ-enabled/HARQ-disabling scheduled within a HARQ bundle
· Other options are not excluded

When a given HARQ process has been configured to have its “HARQ feedback disabled,” subsequent transmissions for such a HARQ process will occur as early as possible without accounting for the decoding results of the previous transmission. Under that logic, “Option 1” seems to be consistent with it and is foreseen to work properly if the Tx/Rx issue is guaranteed to be avoided.
[bookmark: _Toc118408039]When a given HARQ process has been configured to have its “HARQ feedback disabled,” subsequent transmissions for such a HARQ process will occur as early as possible without accounting for the decoding results of the previous transmission. Under that logic, “Option 1” from [Proposal 5-1a] in [6] seems to be consistent with it. However, for it to work the “scheduling restriction” behaviours need to be sorted out first.
4.1.3	Support of enabling/disabling HARQ feedback with Multi-TB
LTE-MTC:
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.
NB-IoT:
Multi-TB grant allows scheduling of up to two transport blocks (TB) with a single DCI for a downlink unicast transmission.
[bookmark: _Toc118408040]The support of enabling/disabling HARQ feedback with Multi-TB has technical aspects in common with “HARQ ACK bundling”, thus Multi-TB should be discussed until after “HARQ ACK bundling” support is settled.
5	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	The “RRC-based switching” basically consists of two elements: 1) The RRC re-configuration message per-se and 2) The “HL-ACK”, the latter is transmitted using NPUSCH Format 1. Thus, the “RRC-based switching” due to the required “HL-ACK” will be severely impacted by the RTT.
Observation 2	Due that an “RRC-based switching” won’t be timely for several IoT-NTN scenarios. The agreement from RAN1# 110-bis-e has considered the possibility of using a “DCI-based switching” as per option 6a-1 and 6a-4 below:
	Option 6a-1: Support RRC signalling configured between Option 1 and Option 3.
	Option 6a-4: Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission
Observation 3	In our understanding (as it has been done in the past with other features), Option 6a-1 would consist of a HL parameter which can be configured to act as either “Option 1: RRC-based switching” or “Option 3: DCI-based switching”. Thus, the operator will have the possibility of deciding using one or the other depending on the foreseen needs.
Observation 4	In our understanding, Option 6a-4 basically means that for a given HARQ process Option 3 via a DCI indication is empowered to either align or replace what was semi-statically configured for that HARQ process using option 1:
Observation 5	In our view, given that the “RRC-based switching” solution is severely impacted by the RTT, the most important thing is to guarantee that IoT-NTN will have available a timely solution (i.e., “DCI-based switching”). Thus, in principle we are equally ok with Option 6a-1 or Option 6a-4.
Observation 6	In LTE-MTC, the “RRC-based switching” transmits the “HL-ACK” on PUSCH. Thus, the “RRC-based switching” due to the required “HL-ACK” will be severely impacted by the RTT.
Observation 7	Due that an “RRC-based switching” won’t be timely for several IoT-NTN scenarios, a “DCI-based switching” should be supported in IoT NTN.
Observation 8	Below we provide several technical reasons why LTE-MTC (as NB-IoT) should support a “DCI-based switching”:
	In CE Mode A, LTE-MTC supports up to 8, 10, or 14 HARQ processes. However, having several HARQ processes available does not mean that they are in use all the time.
	In CE Mode B, LTE-MTC supports only up to 2 HARQ processes (same as NB-IoT).
	Under certain conditions (e.g., bad radio conditions) there is no difference between a RAT (e.g., LTE-MTC in CE Mode A) having several HARQ processes available and a RAT (e.g., NB-IoT) that has just a few, since under those conditions both will be subject to use only one HARQ process. In such scenarios it cannot be justified that one RAT will have no other choice than performing an RRC reconfiguration, whereas the other one would be able to perform a dynamic switching.
	After realizing the implications behind an “RRC-based switching” and how long time it will take for the switching to take-effect, the “RRC-based switching” won’t be timely for several IoT-NTN scenarios. Hence, both LTE-MTC and NB-IoT should have the possibility of using a “DCI-based switching”.
Observation 9	When there are two HARQ processes in use both with “HARQ feedback disabled”, the wording on “scheduling restriction” from RAN1# 110-bis-e is applied per HARQ process.
	Depending on the duration of the PDSCH transmissions, the no-monitoring period associated to the 1st HARQ process may partially overlap with the no-monitoring period associated to the 2nd HARQ process which combined result in a longer no-monitoring period.
Observation 10	When there are two HARQ processes in use one with “HARQ feedback disabled” and the other one with “HARQ feedback enabled”, the wording on “scheduling restriction” from RAN1# 110-bis-e must be properly combined with a legacy statement in TS 36.213 clause 16.6 as applies to terrestrial networks.
Observation 11	In a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” enabled and the 2nd HARQ process has “HARQ feedback” disabled:
	For HARQ process#0 the legacy no-monitoring statement in TS 36.213 clause 16.6 for NPUSCH Format 2 applies the no-monitoring from the subframe where the NPDSCH transmission for HARQ process#0 starts, till the subframe before the NPUSCH Format 2 transmission starts.
	For HARQ process#1 the no-monitoring as per the endorsed wording from RAN1# 110-bis-e, lasts for 12ms starting from the subframe after NPDSCH for HARQ process#1.
Observation 12	In a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” enabled and the 2nd HARQ process has “HARQ feedback” disabled:
•	Upon applying the “Scheduling Restriction” from RAN1# 110-bis-e combined with the legacy statement in TS 36.213 clause 16.6, the resulting behaviour:
o	Won’t incur in a Tx/Rx issue if NPUSCH Format 2 is not required to use repetitions.
o	May incur in a Tx/Rx issue if NPUSCH Format 2 is required to use repetitions, the risk increases depending on the RU length of NPUSCH Format 2.
Observation 13	In a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled:
	For HARQ process#0 the no-monitoring as per the endorsed wording from RAN1# 110-bis-e, lasts for 12ms starting from the subframe after NPDSCH for HARQ process#0.
	For HARQ process#1 the legacy no-monitoring statement in TS 36.213 clause 16.6 for NPUSCH Format 2 applies the no-monitoring from the subframe where the NPDSCH transmission for HARQ process#1 starts, till the subframe before the NPUSCH Format 2 transmission starts.
Observation 14	In a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled:
•	Upon applying the “Scheduling Restriction” from RAN1# 110-bis-e combined with the legacy statement in TS 36.213 clause 16.6, the resulting behaviour:
o	Is prone to a Tx/Rx issue even if NPUSCH Format 2 is not required to use repetitions.
	This happens because the earliest subframe from which the subsequent NPDCCH for the HARQ process with “HARQ feedback disabled” can be received is the same as the subframe where NPUSCH Format 2 is transmitted.
Observation 15	How to handle the case when the earliest monitoring happens to coincide with an NPUSCH Format 2 transmission or the empty subframe required to perform the “UL-to-DL switching” needs to be discussed.
Observation 16	Due that in LTE-MTC e.g., in CE Mode A there is a possibility of using more than two HARQ processes, and due that the timing-relations between physical channels are different than in NB-IoT, the “scheduling restriction” for NB-IoT from RAN1# 110-bis-e does not seem to be suitable for LTE-MTC
•	The “scheduling restriction” from RAN1# 110-bis-e is not suitable for LTE-MTC, since it creates gaps every three MPCCH transmissions, which e.g., does not allow transmitting back-to-back MPDCCH 0 to 9 and PDSCH 0 to 9 respectively if there were 10 HARQ processes in use.
Observation 17	The “scheduling restriction” adopted for LTE-MTC shall not modify the possibility we have in legacy of scheduling back-to-back the maximum number of HARQ processes available.
Observation 18	For preserving the legacy behaviour of having the possibility scheduling the maximum number of available HARQ processes back-to-back, the “scheduling restriction” for LTE-MTC can be as follows:
•	“For a DL HARQ process with disabled HARQ feedback in LTE-MTC, UE is not required to monitor MPDCCH in a period of Y=3(ms) from the end of reception of the closest PDSCH not simultaneously receiving MPDCCH and that has an empty subframe next to it”.
Observation 19	In a scenario with 4 HARQ processes, where “HARQ feedback” is enabled for the 1st, 2nd, and 3rd HARQ processes and disabled for the 4th HARQ process, the earliest monitoring coincides with the subframe required to perform the “UL-to-DL switching”. In legacy, the legacy delays account to guarantee having a subframe to perform the “UL-to-DL switching”, so this is not left up to the eNodeB to sort it out.
Observation 20	How to handle the case when the earliest monitoring happens to coincide with a PUCCH transmission or the empty subframe required to perform the “UL-to-DL switching” needs to be discussed
Observation 21	About the impact on SPS from the enabling/disabling switching as per either “Option 6a-1” or “6a-4”, in our understanding there is no impact due that SPS works on a pre-configuration basis.
Observation 22	While SPS transmission are ongoing they follow the SPS configuration (including which HARQ processes will have HARQ feedback enabled and disabled), and only when SPS is overridden by dynamic scheduling then such a dynamic scheduling will dictate the transmission characteristics as per the rules of “Option 6a-1” or “Option 6a-4”.
Observation 23	When a given HARQ process has been configured to have its “HARQ feedback disabled,” subsequent transmissions for such a HARQ process will occur as early as possible without accounting for the decoding results of the previous transmission. Under that logic, “Option 1” from [Proposal 5-1a] in [6] seems to be consistent with it. However, for it to work the “scheduling restriction” behaviours need to be sorted out first.
Observation 24	The support of enabling/disabling HARQ feedback with Multi-TB has technical aspects in common with “HARQ ACK bundling”, thus Multi-TB should be discussed until after “HARQ ACK bundling” support is settled.

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

Proposal 1	For LTE-MTC in IoT-NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select ONE from the following options at RAN1#111:
	Option 6a-1: Support RRC signalling configured between Option 1 and Option 3.
	Option 6a-4: Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission.
Proposal 2	For the “Scheduling Restriction” from RAN1# 110-bis-e to work in a variety of scenarios (i.e., without incurring in any issue), it must be combined with two complementary “no monitoring” rules:
	No monitoring rule till NPUSCH Format 2 is transmitted. Fully re-used from TS 36.213 clause 16.6 but in its version for Terrestrial Networks:
o	If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and
o	for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
	No monitoring rule while NPUSCH is being transmitted. Two options (variants of a legacy wording/statement in TS 36.213 clause 16.6) can be considered towards performing a down-selection:
o	if the UE has a NPUSCH transmission ending in subframe n,
o	Option 1: This option only takes care of guaranteeing time for UL-to-DL switching, relying on the fact that a half-duplex UE will anyway not monitor DL while in UL-mode during the NPUSCH Format 2 Transmission, the rule is:
	The UE is not expected to receive an NPDCCH with DCI format N1 as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3.
o	Option 2: This option explicitly indicates NPDCCH won’t be monitored while NPUSCH Format 2 is being transmitted (accounting for the RU length, number of repetitions) nor during the UL-to-DL switching subframe, the rule is:
	The UE is not expected to receive an NPDCCH with DCI format N1 in any subframe starting from subframe n+1-(RU length) to subframe n+1.
Proposal 3	For addressing a variety of scenarios without incurring in a Tx/Rx issue, and to guarantee having a subframe to perform the “UL-to-DL switching”, the “Scheduling Restriction” for LTE-MTC is as follows:
	For a DL HARQ process with disabled HARQ feedback in LTE-MTC, UE is not required to monitor MPDCCH in a period of Y (ms) from the end of reception of the closest PDSCH not simultaneously receiving MPDCCH and that has an empty subframe next to it.
o	Y = (3-floor(1/x) + pucch-NumRepetitionCE (#PUCCHs) + floor(x/3)”.
o	Where x = number of milliseconds from “the end of reception of the closest PDSCH not simultaneously receiving MPDCCH and that has an empty subframe next to it” till the subframe before the first transmitted PUCCH.
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