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



In this contribution we provide our views on the first sub-bullet related with “Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates”, for both LTE-MTC and NB-IoT.
2	Follow-up: “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission”
In RAN1# 112, the Working Assumption (WA) from RAN1# 111 encompassing both NB-IoT and LTE-MTC turned into an agreement [5]:
	Agreement
Confirm the following working assumption with the following update:
Working assumption
For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission:
· Support Option 1 in case only per-HARQ process bitmap signaling is configured 
· Support Option 3 DCI direct indication of HARQ feedback enable/disable in case only DCI solution enabling/disabling signaling is configured
· Support Option 3 DCI indication to override Option 1 configuration for corresponding transmission in case both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured
· FFS #1: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ feedback enabled and disabled processes or only applied to semi-statically HARQ feedback disabled processes or only applied to semi-statically HARQ feedback enabled processes.
· [bookmark: _Hlk129764372]FFS #2: whether/how to support Option 3 overriding Option 1 configuration for corresponding transmission for multiple TBs scheduled by single DCI
· FFS#3：Option 3 DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration or DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission regardless of per-HARQ process RRC configuration.
RAN1 strives to have a common design (in terms of DCI design, PDCCH monitoring, etc.) for “Option 3” and “Option 3 + Option 1”.
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.



A follow-up on Working Assumption is discussed for both NB-IoT and LTE-MTC in section 2.1.
2.1	On how “to configure/indicate enabling/disabling on HARQ feedback for downlink transmission”
[bookmark: _Hlk120627802]The confirmed Working Assumption on how “to configure/indicate enabling/disabling of HARQ feedback for downlink transmission” from RAN1# 112 cited in section 2 contains three FFSs, the first one (i.e., FFS#1) touches upon the expected degree of flexibility, the second one (i.e., FFS#2) is about compatibility with the multi-TB grant feature, and the third one (i.e., FFS#3) is whether the DCI overriding mechanism reverses or indicates the status of the HARQ feedback for the corresponding transmission. We provide our views on FFS#1, FFS#2 and FFS#3 in sections 2.1.1, 2.1.2 and 2.1.3 respectively.
2.1.1	FFS#1: Overriding acts on HARQ feedback configured as “enabled & disabled,” or only “disabled,” or only “enabled”.
[bookmark: _Hlk129605491]FFS #1 states “Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ feedback enabled and disabled processes or only applied to semi-statically HARQ feedback disabled processes or only applied to semi-statically HARQ feedback enabled processes.” which alternatives are compared one-on-one below:
Table 1: Comparison of alternatives in FFS#1 on how “to configure/indicate enabling/disabling of HARQ feedback for downlink transmission”
	
	FFS#1 alternative when “Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ feedback enabled and disabled processes”
	FFS#1 alternative when “only applied to semi-statically HARQ feedback disabled processes”
	FFS#1 alternative when “only applied to semi-statically HARQ feedback enabled processes”

	Comparison
	Assuming two HARQ processes and a 2-bit bitmap (MSB HARQ Process#0, LSB HARQ process#1), where 0 means HARQ feedback disabled and 1 means HARQ feedback enabled. 
00
· Applying Option 3 to HARQ process#0, it should be possible to pass from 0 to 1. That is, from Disabled HARQ feedback to Enabled HARQ feedback.

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

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

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

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

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

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

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

	Assuming two HARQ processes and a 2-bit bitmap (MSB HARQ Process#0, LSB HARQ process#1), where 0 means HARQ feedback disabled and 1 means HARQ feedback enabled. 
00
· Applying Option 3 to HARQ process#0, it should be possible to pass from 0 to 1. That is, from Disabled HARQ feedback to Enabled HARQ feedback.

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

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

· Applying Option 3 to HARQ process#1, it won‘t be possible to pass from 1 to 0. That is, from Enabled HARQ feedback to Disabled HARQ feedback.

10
· Applying Option 3 to HARQ process#0, it won‘t be possible to pass from 1 to 0. That is, from Enabled HARQ feedback to Disabled HARQ feedback.

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

11
· Applying Option 3 to HARQ process#0, it won‘t be possible to pass from 1 to 0. That is, from Enabled HARQ feedback to Disabled HARQ feedback.

· Applying Option 3 to HARQ process#1, it won‘t be possible to pass from 1 to 0. That is, from Enabled HARQ feedback to Disabled HARQ feedback.

	Assuming two HARQ processes and a 2-bit bitmap (MSB HARQ Process#0, LSB HARQ process#1), where 0 means HARQ feedback disabled and 1 means HARQ feedback enabled. 
00
· Applying Option 3 to HARQ process#0, it won‘t be possible to pass from 0 to 1. That is, from Disabled HARQ feedback to Enabled HARQ feedback.

· Applying Option 3 to HARQ process#1, it won‘t be possible to pass from 0 to 1. That is, from Disabled HARQ feedback to Enabled HARQ feedback.

01
· Applying Option 3 to HARQ process#0, it won‘t be possible to pass from 0 to 1. That is, from Disabled HARQ feedback to Enabled HARQ feedback.

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

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

· Applying Option 3 to HARQ process#1, it won‘t be possible to pass from 0 to 1. That is, from Disabled HARQ feedback to Enabled HARQ feedback.

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

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




[bookmark: _Toc131605152]For FFS#1, in our understanding all the alternatives can provide full flexibility under the following premises:
· [bookmark: _Toc131605153]“Option 3 DCI-based overridden mechanism is only applied to semi-statically HARQ feedback disabled processes.” The full flexibility is achieved if the bitmap for Option 1 configures all the HARQ processes with HARQ feedback disabled.
· [bookmark: _Toc131605154]Since the overriding only applies to HARQ feedback disabled, for a given HARQ process and for a given transmission it would be possible indicating either keeping the HARQ feedback disabled or switching the HARQ feedback to enabled.
· [bookmark: _Toc131605155]“Option 3 DCI-based overridden mechanism is only applied to semi-statically HARQ feedback enabled processes.” The full flexibility is achieved if the bitmap for Option 1 configures all the HARQ processes with HARQ feedback enabled.
· [bookmark: _Toc131605156]Since the overriding only applies to HARQ feedback enabled, for a given HARQ process and for a given transmission it would be possible indicating either keeping the HARQ feedback enabled or switching the HARQ feedback to disabled.
· [bookmark: _Toc131605157]“Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ feedback enabled and disabled processes.” Full flexibility is achieved regardless of the bitmap’s configuration for Option 1.

2.1.2	FFS#2: Overriding support for Multi-TB grant.
The FFS#2 in the confirmed Working Assumption states “whether/how to support Option 3 overriding Option 1 configuration for corresponding transmission for multiple TBs scheduled by single DCI”, below we provide our views for both LTE-MTC in CE Mode B and NB-IoT. 
2.1.2.1 Option 3 “for multiple TBs scheduled by single DCI” in LTE-MTC in CE Mode B
[bookmark: _Hlk122101140]Multi-TB grant allows scheduling with a single DCI up to 4 TBs in CE mode B. In our understanding, the Multi-TB grant feature can group with full-flexibility the HARQ processes that will utilize a single DCI (See “binomial coefficient” in [6]). For example, if two TBs are to be scheduled using one DCI, the network can freely choose which HARQ processes are to be scheduled: #0 & #1, or #0 & #2, or #0 & #3, or #1 & #2, or #1 & #3, or #2 & #3. This full-flexibility will allow the network grouping those HARQ processes for which the HARQ feedback is to be overridden. Moreover, Multi-TB grant allows dynamically scheduling whether “a single TB is scheduled” or “multiple TB are scheduled”.
[bookmark: _Toc131605158]In LTE-MTC, the Multi-TB grant feature can with full-flexibility group the HARQ processes that will use a single DCI (See “binomial coefficient” in [6]).
· [bookmark: _Toc131605159]For example, if two TBs are to be scheduled using one DCI, the network can freely choose which HARQ processes are to be scheduled: #0 & #1, or #0 & #2, or #0 & #3, or #1 & #2, or #1 & #3, or #2 & #3. This full-flexibility will allow the network grouping those HARQ processes for which the HARQ feedback is to be overridden.
[bookmark: _Toc131605181]For LTE-MTC, the DCI-based solution can be used for multiple TBs scheduled by single DCI.
· [bookmark: _Toc131605182]The overriding indication applies to all TBs scheduled using a single DCI. E.g., if the overriding indicates “HARQ feedback enabled,” that applies to all TBs that were scheduled using the single DCI.
[bookmark: _Toc131605183]Note: Recall, it is up to the eNodeB which HARQ processes are to be scheduled together using a single DCI, and yet it is up to the eNodeB whether “a single TB is scheduled” or “multiple TB are scheduled”. 
2.1.2.2 Option 3 “for multiple TBs scheduled by single DCI” in NB-IoT
For NB-IoT, Multi-TB grant allows scheduling of up to two transport blocks (TB) with a single DCI. Since Multi-TB grant allows scheduling dynamically whether “multiple TB are scheduled” or “a single TB is scheduled,” then the DCI indication for “overriding or not” their corresponding default HARQ feedback configuration can be supported.
[bookmark: _Toc131605160]In NB-IoT, the DCI-based solution can be used for multiple TBs scheduled by single DCI. The flexibility embedded into the Multi-TB grant allows scheduling dynamically whether “a single TB is scheduled” or “multiple TB are scheduled”, in both cases the DCI indication can be used for having the possibility of “overriding or not” their corresponding default HARQ feedback configuration.
[bookmark: _Toc131605184]For NB-IoT, the DCI-based solution can be used for multiple TBs scheduled by single DCI.
· [bookmark: _Toc131605185]The overriding indication applies to all TBs scheduled using a single DCI. E.g., if the overriding indicates “HARQ feedback enabled,” that applies to all TBs that were scheduled using the single DCI.
[bookmark: _Toc131605186]Note: Recall, it is up to the eNodeB whether “a single TB is scheduled” or “multiple TB are scheduled”.
2.1.3	FFS#3: Overriding “Reverts” or “Indicates” HARQ feedback enabled/disabled 
The FFS#3 in the confirmed Working Assumption states “FFS#3：Option 3 DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration or DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission regardless of per-HARQ process RRC configuration.”
[bookmark: _Toc131605161]In our view, having “DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission regardless of per-HARQ process RRC configuration” will bring more certainty and therefore will be less prone to errors.
[bookmark: _Toc131605187]For both LTE-MTC and NB-IoT, introduce “DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission regardless of per-HARQ process RRC configuration”.
3	Views on “Option 1 when stand-alone”, “Option 3 when stand-alone” and “Option 3 that overrides Option 1” 
According with the confirmed WA from RAN1# 112, there are three possible ways of enabling/disabling HARQ feedback which are analysed one-by-one in sections 3.1, 3.2, and 3.3 respectively:
3.1 View on the support of “Option 1” when stand-alone
[bookmark: _Hlk129875710]According with the agreed WA, Option1 when stand-alone refers to “Support Option 1 in case only per-HARQ process bitmap signaling is configured”.
[bookmark: _Toc131605162]“Support Option 1 in case only per-HARQ process bitmap signaling is configured”, means that only the “RRC-based solution” is used for switching the HARQ feedback from disabled-to-enabled or vice-versa.  The “RRC-based solution” consists of an RRC re-configuration message followed by a “Higher Layer-ACK” transmitted on NPUSCH Format1/PUSCH.
[bookmark: _Toc131605163]To “Support Option 1 in case only per-HARQ process bitmap signaling is configured”, in our understanding won’t require any complementary agreement. It is just that towards the end of the release a parameter name to configure “Option 1: per-HARQ process bitmap” will be needed for NB-IoT and LTE-MTC, plus the actual bitmaps in the RRC spec accounting for up to 2 and up to 4 HARQ processes (or 2 HARQ processes when no Multi-TB is used) respectively.
3.2 View on the support of “Option 3” when stand-alone
According with the agreed WA, Option3 when stand-alone refers to “Support Option 3 DCI direct indication of HARQ feedback enable/disable in case only DCI solution enabling/disabling signaling is configured”.
[bookmark: _Toc131605164]To “Support Option 3 DCI direct indication of HARQ feedback enable/disable in case only DCI solution enabling/disabling signaling is configured,” since there is no bitmap, one key aspect is to decide is what is going to be the default status of the “HARQ feedback” for the configured HARQ processes. Is the “HARQ feedback” assumed to be “enabled” by default? Or is the “HARQ feedback” assumed to be “disabled”?
Below we analyse the support of “Option 3” when stand-alone under two assumptions: In sub-section 3.2.1 when “HARQ feedback” is assumed to be “enabled” by default, and in sub-section 3.2.2 when “HARQ feedback” is assumed to be “disabled” by default.
3.2.1 “Option 3” when stand-alone assuming “HARQ feedback” is “enabled” by default
For “Option 3” when stand-alone assuming “HARQ feedback” is “enabled” by default our understanding is as follows:
[bookmark: _Toc131605165]Using NB-IoT as example, when the “HARQ feedback” is “enabled,” a subsequent DL Grant can either schedule (re-)transmission(s) blindly (as to occur during the RTT) or scheduled a (re-)transmission as a function of the received ACK/NACK. According with legacy, after “n+1 to subframe n+ Kmac +3” the UE will be prepared to start monitoring NPDCCH.
[bookmark: _Toc131605166]Note: 
· [bookmark: _Toc131605167]“n” refers to subframe where NPUSCH transmission ended. 
· [bookmark: _Toc131605168]“Kmac” can be zero or different than zero to extend the no-monitoring time by ms when needed. “Kmac” is different than zero when an UL time sync reference point other than the eNB has been used (e.g., satellite), but “Kmac” does not encompass the RTT component and that is why once the legacy no-monitoring rule “n+1 to subframe n+Kmac+3” has passed it is possible to perform blind (re-)transmissions and in that case the ACK/NACK can be already seen as an outer-loop adjustment mechanism.

[bookmark: _Toc131605169]For “Option 3” when stand-alone assuming “HARQ feedback” is “enabled” by default, if at some point the “DCI-based Option 3 solution” indicates the “HARQ feedback” as disabled, such a indication carried as part of the DL Grant can be received according with “n+1 to subframe n+ Kmac +3”.
3.2.2 “Option 3” when stand-alone assuming “HARQ feedback” is “disabled” by default
For “Option 3” when stand-alone assuming “HARQ feedback” is “disabled” by default our understanding is as follows:
[bookmark: _Toc131605170]Using NB-IoT as example, when the “HARQ feedback” is “disabled,” a subsequent DL Grant (i.e., the downlink scheduling) blindly indicating a new transmission or a retransmission is received according with the Rel-18 “scheduling restriction”.
[bookmark: _Toc131605171]For “Option 3” when stand-alone assuming “HARQ feedback” is “disabled” by default, if at some point the “DCI-based Option 3 solution” indicates the “HARQ feedback” as enabled, such a indication carried as part of the DL Grant can be received according with the Rel-18 “scheduling restriction.
3.2.3 Summary “Option 3” when stand-alone: Should the “HARQ feedback” be assumed as “enabled” or “disabled” by default?
[bookmark: _Toc131605172]For “Option 3” when stand-alone, it needs to be decided what is going to be the default status of the “HARQ feedback” before the first “HARQ feedback switching” occurs.
[bookmark: _Toc131605173]During RAN1# 112, one of the companies proposed that when there is no bitmap, the default status of the “HARQ feedback” should be disabled. In addition, aiming at creating an ACK/NACK outer-loop adjustment the same company proposed that “For a HARQ process with RRC-disabled feedback, and regardless of whether the feedback is enabled by DCI, the rule of not expecting an NPDCCH for the same HARQ process earlier than n+Kmac+3 does not apply”.
[bookmark: _Toc131605174]In our understanding, when “HARQ feedback” is enabled, the legacy specification allows performing blind (re-)transmissions after the following timing that does not encompasses the RTT “n+1 to subframe n+Kmac+3”. Therefore, when those blind (re-)transmissions occur, the ACK/NACK serve as an “outer loop mechanism” towards adjusting the blind (re-)transmissions. Thus, there does not seem to be a need to revoke the usage of “n+1 to subframe n+Kmac+3” for HARQ processes with HARQ feedback enabled.
[bookmark: _Toc131605175]In summary: When “HARQ feedback” is disabled the subsequent DL grant is received according with the Rel-18 “scheduling restriction”. When the “HARQ feedback” is enabled the subsequent DL grant is as per legacy received after “n+1 to subframe n+Kmac+3”. In our understanding, the above no-monitoring rules can co-exist with no modification, and it will be up to the eNodeB to use them to create or not an “outer-loop ACK/NACK” adjustment mechanism.
· [bookmark: _Toc131605176]For example: In a scenario with two HARQ processes, the first one with HARQ feedback disabled and the second one with HARQ feedback enabled, a DL grant can be received as per the “scheduling restriction” for the first HARQ process and after “n+1 to subframe n+Kmac+3” for the second HARQ process without having to wait in any of those cases for the RTT. 
[bookmark: _Toc131605188]For “Option 3” when stand-alone, in our view and unless an issue were identified, when there is no bitmap, the default status of the “HARQ feedback” should be “HARQ feedback enabled” as to stay in line with legacy. Similarly, unless an issue were identified, switching the “HARQ feedback” from “disabled-to-enabled” and from “enabled-to-disabled” should be allowed.
3.3 View on the support of “Option 3 that overrides Option 1”
According with the agreed WA, Option 3 that overrides Option 1 refers to “Support Option 3 DCI indication to override Option 1 configuration for corresponding transmission in case both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured”. In the analysis shown in section 2.1.1 (see observation 1) it was shown that all the alternatives can provide full flexibility through a proper HARQ feedback bitmap configuration. Hence, we have the following proposal aiming at aligning solutions (if possible) that make use of Option 3.
[bookmark: _Toc131605189]For FFS#1, since all the alternatives listed under “Option 3 DCI indication to override Option 1” can provide full flexibility through a proper HARQ feedback bitmap configuration which is up to the eNodeB, then before deciding on which alternative to adopt and aiming at aligning solutions (if possible), it is better to agree first on “Option3 when sand-alone” as to know what will be the assumption about the default status of the HARQ feedback when there is no bitmap configured.
· [bookmark: _Toc131605190]In other words, “in case only DCI solution enabling/disabling signaling is configured” meaning there is no bitmap, what is the assumption about the status of the HARQ feedback? Do all HARQ processes will be assumed to have HARQ feedback enabled, or do all HARQ processes will be assumed to have HARQ feedback disabled? (Our view is reflected through observation 14-15 and proposal 4). Once that is known, FFS#1 can be resolved as to align solutions if possible. 
4	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. 
4.1	NB-IoT on “how to support enabling and disabling HARQ feedback for downlink transmissions”
In RAN1# 110-bis-e, the following was endorsed over e-mail [4]:
	Agreement
[bookmark: _Hlk117589493]For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH.




During the discussions companies aligned views on how to interpret and apply the endorsed wording when all HARQ processes have their “HARQ feedback disabled” as illustrated in Table 2. 
Table 2 Endorsed wording behaviour for a scenario with two HARQ processes both with disabled HARQ feedback
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Note: The arrow pointing downwards “↓” refers to the earliest subframe from which the subsequent NPDCCH can be received.
Beyond handling a scenario where all HARQ processes have been disabled, there is also a need for handling more complex scenarios where some of the HARQ processes have their HARQ feedback enabled whereas some other ones have their HARQ feedback disabled. On this matter, the “endorsed wording” from RAN1# 110-bis cannot handle those hybrid enabling/disabling scenarios on its own, hence the “endorsed wording” should be applied and combined with legacy statements.
[bookmark: _Toc131605177]The “scheduling restriction for NB-IoT” endorsed in RAN1# 110-bis-e can handle a scenario where all HARQ processes have their HARQ feedback disabled. However, it cannot handle on its own more complex scenarios (i.e., “hybrid enabling/disabling scenario”) and therefore it must be applied and combined with legacy statements.
During RAN1# 111, there was an informal discussion on this issue with a couple of Delegates from which we started to identify the parts of the technical specifications that will have to be combined with the “endorsed scheduling restriction from RAN1# 110-bis-e” to handle hybrid enabling/disabling scenarios accounting for: 1) The additional “no-monitoring rule” when there is an NPUSCH Format 2 transmission, 2) The avoidance of a Tx/Rx issue, and 3) Having time for re-tunning (UL-to-DL) when there is an NPUSCH Format 2 transmission. As a follow-up on it, Table 3 summarizes the identified clauses:
Table 3 Complementary legacy statements for the “scheduling restriction of NB-IoT” to handle more complex scenarios (i.e., “hybrid enabling/disabling HARQ feedback scenarios”).
	Complementary legacy statements for the “scheduling restriction of NB-IoT” to handle “hybrid enabling/disabling HARQ feedback scenarios”
	Clause and Technical Specification

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

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

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



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

Table 4 Endorsed wording behaviour when combined with legacy rules in a scenario with two HARQ processes in use, where the 1st HARQ process has “HARQ feedback” disabled and the 2nd HARQ process has “HARQ feedback” enabled
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Half-duplex FDD operation Clause 4.1 of TS 36.211
	guard subframe Clauses 6.2.5 & 10.2.2.3 of TS 36.211
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	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: _Toc131605191]Conclusion: It is RAN1 understanding that in scenarios having HARQ processes with HARQ feedback enabled and disabled, the “scheduling restriction for NB-IoT” is also applicable when combined with legacy procedures to avoid issues related with e.g., a simultaneous Transmission/Reception, or not having time to perform an UL-to-DL re-tunning.
4.2	LTE-MTC on “how to support enabling and disabling HARQ feedback for downlink transmissions” 
In RAN1# 111, the “scheduling restriction” for LTE-MTC was agreed to be as follows:
	Agreement
For a DL HARQ process with disabled HARQ feedback in eMTC, UE is not expected to receive another MPDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding MPDCCH for the given HARQ process that starts at a BL/CE DL subframe until X=3 (ms) have passed after the end of the reception of the last PDSCH for that HARQ process. 



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

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

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



[bookmark: _Toc131605178]The “scheduling restriction for LTE-MTC”, can handle a scenario where all HARQ processes have their HARQ feedback disabled. However, it cannot handle on its own more complex scenarios (i.e., “hybrid enabling/disabling scenario”) and therefore it must be applied and combined with legacy statements.
The diagram below shows how the proposed “scheduling restriction for LTE-MTC” can handle a “hybrid enabling/disabling HARQ feedback scenario” when properly applied and combined with the legacy procedures in the clauses summarized in Table 5.
· “Scheduling Restriction” when there are 10 HARQ processes, where the 1st HARQ process has “HARQ feedback” enabled and all other HARQ processes have their “HARQ feedback” disabled.

Table 6 “Scheduling restriction for LTE-MTC” when combined with legacy rules in a scenario with 10 HARQ processes, where the 1st HARQ process has “HARQ feedback” enabled and all other HARQ processes have their “HARQ feedback” disabled
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	guard subframe Clause 10.2.2.3 of TS 36.211
	Half-duplex FDD operation Clause 4.1 of TS 36.211
	guard subframe Clause 6.2.5 & 10.2.2.3 of TS 36.211
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Note 1: The arrow pointing downwards “↓” refers to the earliest BL/CE DL subframe from which the subsequent MPDCCH for the HARQ process #0 can be received.
Note 2: Overall, the question marks “?” are intended to reflect that the HARQ processes to be referred depend on previous network’s decisions.

[bookmark: _Toc131605192]Conclusion: It is RAN1 understanding that the “scheduling restriction for LTE-MTC” can handle “hybrid enabling/disabling HARQ feedback scenarios” when combined with legacy procedures to avoid issues related with e.g., a simultaneous Transmission/Reception, or not having time to perform an UL-to-DL re-tunning. 
5	Other topics 
5.1	Support of enabling/disabling HARQ feedback with SPS
In our understanding SPS works on a pre-configuration basis, thus which HARQ processes are enabled/disabled would have to be added as part of the SPS configuration (i.e., along with MCS, number of repetitions, etc). It is important to recall that SPS is only applicable in CE Mode A. Moreover, according with legacy SPS can be overridden at any time by a dynamic scheduling. In RAN1# 112, the following agreement and conclusion were reached:
	Agreement
For HARQ feedback for eMTC SPS PDSCH, at least the following is supported: UE follows the per-process HARQ feedback enabled/disabled configuration for the associated HARQ process except for the first SPS PDSCH after activation
· for the first SPS PDSCH after activation,
· Option 1: If HARQ feedback for SPS activation is additionally enabled, ACK/NACK is reported by UE for the first SPS PDSCH after activation regardless of network configuration of enabled/disabled for this HARQ process, and follow per-process HARQ feedback enabled/disabled configuration otherwise.
Conclusion
For DCI indicating SPS PDSCH release, HARQ-ACK report is performed as legacy in eMTC, regardless of HARQ feedback enabled/disabled configuration.



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




[bookmark: _Toc131605179]Based on the conclusion from RAN1# 112, the HARQ processes with HARQ feedback disabled will by default set the “HARQ-ACK bundling flag to 0”, this way those HARQ processes with HARQ feedback disabled won’t be “Transport blocks in a bundle” and there won’t be a need to indicate a “HARQ-ACK delay” for them. If there were other HARQ processes with HARQ feedback enabled, there should not be a co-existence problem since for the HARQ processes with HARQ feedback enabled, the “HARQ-ACK bundling flag” will be set to 1 for them to be “Transport blocks in a bundle,” then the “HARQ-ACK delay” can be used to group them (i.e., bundle them) as desired by the network without having to create any additional spec impact.
[bookmark: _Toc131605193]Conclusion: HARQ feedback with and without using HARQ-ACK bundling is reported only for HARQ process with HARQ feedback enabled (i.e., HARQ feedback is not reported for HARQ processes with HARQ feedback disabled).
5.3	Support of enabling/disabling HARQ feedback with Multi-TB
LTE-MTC:
[bookmark: _Hlk122100763]Multi-TB grant allows scheduling with a single DCI up to 8 TBs in CE mode A, and up to 4 TBs in CE mode B. On the other hand, up 2 HARQ processes are supported in CE ModeB.
NB-IoT:
Multi-TB grant allows scheduling of up to two transport blocks (TB) with a single DCI for a downlink unicast transmission.
[bookmark: _Toc131605180]The support of enabling/disabling HARQ feedback with Multi-TB has technical aspects in common with the FFS#2 of the recently agreed Working Assumption.
[bookmark: _Toc131605194]For LTE-MTC/NB-IoT, enabled/disabled HARQ feedback can be used along with multiple TBs scheduled by single DCI. The Multi-TB grant feature has embedded enough flexibility as to leave up to the eNodeB which HARQ processes are to be scheduled together using a single DCI, and yet it is up to the eNodeB whether “a single TB is scheduled” or “multiple TB are scheduled”.
6	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	For FFS#1, in our understanding all the alternatives can provide full flexibility under the following premises:
	“Option 3 DCI-based overridden mechanism is only applied to semi-statically HARQ feedback disabled processes.” The full flexibility is achieved if the bitmap for Option 1 configures all the HARQ processes with HARQ feedback disabled.
o	Since the overriding only applies to HARQ feedback disabled, for a given HARQ process and for a given transmission it would be possible indicating either keeping the HARQ feedback disabled or switching the HARQ feedback to enabled.
	“Option 3 DCI-based overridden mechanism is only applied to semi-statically HARQ feedback enabled processes.” The full flexibility is achieved if the bitmap for Option 1 configures all the HARQ processes with HARQ feedback enabled.
o	Since the overriding only applies to HARQ feedback enabled, for a given HARQ process and for a given transmission it would be possible indicating either keeping the HARQ feedback enabled or switching the HARQ feedback to disabled.
	“Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ feedback enabled and disabled processes.” Full flexibility is achieved regardless of the bitmap’s configuration for Option 1.
Observation 2	In LTE-MTC, the Multi-TB grant feature can with full-flexibility group the HARQ processes that will use a single DCI (See “binomial coefficient” in [6]).
	For example, if two TBs are to be scheduled using one DCI, the network can freely choose which HARQ processes are to be scheduled: #0 & #1, or #0 & #2, or #0 & #3, or #1 & #2, or #1 & #3, or #2 & #3. This full-flexibility will allow the network grouping those HARQ processes for which the HARQ feedback is to be overridden.
Observation 3	In NB-IoT, the DCI-based solution can be used for multiple TBs scheduled by single DCI. The flexibility embedded into the Multi-TB grant allows scheduling dynamically whether “a single TB is scheduled” or “multiple TB are scheduled”, in both cases the DCI indication can be used for having the possibility of “overriding or not” their corresponding default HARQ feedback configuration.
Observation 4	In our view, having “DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission regardless of per-HARQ process RRC configuration” will bring more certainty and therefore will be less prone to errors.
Observation 5	“Support Option 1 in case only per-HARQ process bitmap signaling is configured”, means that only the “RRC-based solution” is used for switching the HARQ feedback from disabled-to-enabled or vice-versa.  The “RRC-based solution” consists of an RRC re-configuration message followed by a “Higher Layer-ACK” transmitted on NPUSCH Format1/PUSCH.
Observation 6	To “Support Option 1 in case only per-HARQ process bitmap signaling is configured”, in our understanding won’t require any complementary agreement. It is just that towards the end of the release a parameter name to configure “Option 1: per-HARQ process bitmap” will be needed for NB-IoT and LTE-MTC, plus the actual bitmaps in the RRC spec accounting for up to 2 and up to 4 HARQ processes (or 2 HARQ processes when no Multi-TB is used) respectively.
Observation 7	To “Support Option 3 DCI direct indication of HARQ feedback enable/disable in case only DCI solution enabling/disabling signaling is configured,” since there is no bitmap, one key aspect is to decide is what is going to be the default status of the “HARQ feedback” for the configured HARQ processes. Is the “HARQ feedback” assumed to be “enabled” by default? Or is the “HARQ feedback” assumed to be “disabled”?
Observation 8	Using NB-IoT as example, when the “HARQ feedback” is “enabled,” a subsequent DL Grant can either schedule (re-)transmission(s) blindly (as to occur during the RTT) or scheduled a (re-)transmission as a function of the received ACK/NACK. According with legacy, after “n+1 to subframe n+ Kmac +3” the UE will be prepared to start monitoring NPDCCH.
Note:
	“n” refers to subframe where NPUSCH transmission ended.
	“Kmac” can be zero or different than zero to extend the no-monitoring time by ms when needed. “Kmac” is different than zero when an UL time sync reference point other than the eNB has been used (e.g., satellite), but “Kmac” does not encompass the RTT component and that is why once the legacy no-monitoring rule “n+1 to subframe n+Kmac+3” has passed it is possible to perform blind (re-)transmissions and in that case the ACK/NACK can be already seen as an outer-loop adjustment mechanism.
Observation 9	For “Option 3” when stand-alone assuming “HARQ feedback” is “enabled” by default, if at some point the “DCI-based Option 3 solution” indicates the “HARQ feedback” as disabled, such a indication carried as part of the DL Grant can be received according with “n+1 to subframe n+ Kmac +3”.
Observation 10	Using NB-IoT as example, when the “HARQ feedback” is “disabled,” a subsequent DL Grant (i.e., the downlink scheduling) blindly indicating a new transmission or a retransmission is received according with the Rel-18 “scheduling restriction”.
Observation 11	For “Option 3” when stand-alone assuming “HARQ feedback” is “disabled” by default, if at some point the “DCI-based Option 3 solution” indicates the “HARQ feedback” as enabled, such a indication carried as part of the DL Grant can be received according with the Rel-18 “scheduling restriction.
Observation 12	For “Option 3” when stand-alone, it needs to be decided what is going to be the default status of the “HARQ feedback” before the first “HARQ feedback switching” occurs.
Observation 13	During RAN1# 112, one of the companies proposed that when there is no bitmap, the default status of the “HARQ feedback” should be disabled. In addition, aiming at creating an ACK/NACK outer-loop adjustment the same company proposed that “For a HARQ process with RRC-disabled feedback, and regardless of whether the feedback is enabled by DCI, the rule of not expecting an NPDCCH for the same HARQ process earlier than n+Kmac+3 does not apply”.
Observation 14	In our understanding, when “HARQ feedback” is enabled, the legacy specification allows performing blind (re-)transmissions after the following timing that does not encompasses the RTT “n+1 to subframe n+Kmac+3”. Therefore, when those blind (re-)transmissions occur, the ACK/NACK serve as an “outer loop mechanism” towards adjusting the blind (re-)transmissions. Thus, there does not seem to be a need to revoke the usage of “n+1 to subframe n+Kmac+3” for HARQ processes with HARQ feedback enabled.
Observation 15	In summary: When “HARQ feedback” is disabled the subsequent DL grant is received according with the Rel-18 “scheduling restriction”. When the “HARQ feedback” is enabled the subsequent DL grant is as per legacy received after “n+1 to subframe n+Kmac+3”. In our understanding, the above no-monitoring rules can co-exist with no modification, and it will be up to the eNodeB to use them to create or not an “outer-loop ACK/NACK” adjustment mechanism.
	For example: In a scenario with two HARQ processes, the first one with HARQ feedback disabled and the second one with HARQ feedback enabled, a DL grant can be received as per the “scheduling restriction” for the first HARQ process and after “n+1 to subframe n+Kmac+3” for the second HARQ process without having to wait in any of those cases for the RTT.
Observation 16	The “scheduling restriction for NB-IoT” endorsed in RAN1# 110-bis-e can handle a scenario where all HARQ processes have their HARQ feedback disabled. However, it cannot handle on its own more complex scenarios (i.e., “hybrid enabling/disabling scenario”) and therefore it must be applied and combined with legacy statements.
Observation 17	The “scheduling restriction for LTE-MTC”, can handle a scenario where all HARQ processes have their HARQ feedback disabled. However, it cannot handle on its own more complex scenarios (i.e., “hybrid enabling/disabling scenario”) and therefore it must be applied and combined with legacy statements.
Observation 18	Based on the conclusion from RAN1# 112, the HARQ processes with HARQ feedback disabled will by default set the “HARQ-ACK bundling flag to 0”, this way those HARQ processes with HARQ feedback disabled won’t be “Transport blocks in a bundle” and there won’t be a need to indicate a “HARQ-ACK delay” for them. If there were other HARQ processes with HARQ feedback enabled, there should not be a co-existence problem since for the HARQ processes with HARQ feedback enabled, the “HARQ-ACK bundling flag” will be set to 1 for them to be “Transport blocks in a bundle,” then the “HARQ-ACK delay” can be used to group them (i.e., bundle them) as desired by the network without having to create any additional spec impact.
Observation 19	The support of enabling/disabling HARQ feedback with Multi-TB has technical aspects in common with the FFS#2 of the recently agreed Working Assumption.

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

Proposal 1	For LTE-MTC, the DCI-based solution can be used for multiple TBs scheduled by single DCI.
	The overriding indication applies to all TBs scheduled using a single DCI. E.g., if the overriding indicates “HARQ feedback enabled,” that applies to all TBs that were scheduled using the single DCI.
Note: Recall, it is up to the eNodeB which HARQ processes are to be scheduled together using a single DCI, and yet it is up to the eNodeB whether “a single TB is scheduled” or “multiple TB are scheduled”.
Proposal 2	For NB-IoT, the DCI-based solution can be used for multiple TBs scheduled by single DCI.
	The overriding indication applies to all TBs scheduled using a single DCI. E.g., if the overriding indicates “HARQ feedback enabled,” that applies to all TBs that were scheduled using the single DCI.
Note: Recall, it is up to the eNodeB whether “a single TB is scheduled” or “multiple TB are scheduled”.
Proposal 3	For both LTE-MTC and NB-IoT, introduce “DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission regardless of per-HARQ process RRC configuration”.
Proposal 4	For “Option 3” when stand-alone, in our view and unless an issue were identified, when there is no bitmap, the default status of the “HARQ feedback” should be “HARQ feedback enabled” as to stay in line with legacy. Similarly, unless an issue were identified, switching the “HARQ feedback” from “disabled-to-enabled” and from “enabled-to-disabled” should be allowed.
Proposal 5	For FFS#1, since all the alternatives listed under “Option 3 DCI indication to override Option 1” can provide full flexibility through a proper HARQ feedback bitmap configuration which is up to the eNodeB, then before deciding on which alternative to adopt and aiming at aligning solutions (if possible), it is better to agree first on “Option3 when sand-alone” as to know what will be the assumption about the default status of the HARQ feedback when there is no bitmap configured.
	In other words, “in case only DCI solution enabling/disabling signaling is configured” meaning there is no bitmap, what is the assumption about the status of the HARQ feedback? Do all HARQ processes will be assumed to have HARQ feedback enabled, or do all HARQ processes will be assumed to have HARQ feedback disabled? (Our view is reflected through observation 14-15 and proposal 4). Once that is known, FFS#1 can be resolved as to align solutions if possible.
Proposal 6	Conclusion: It is RAN1 understanding that in scenarios having HARQ processes with HARQ feedback enabled and disabled, the “scheduling restriction for NB-IoT” is also applicable when combined with legacy procedures to avoid issues related with e.g., a simultaneous Transmission/Reception, or not having time to perform an UL-to-DL re-tunning.
Proposal 7	Conclusion: It is RAN1 understanding that the “scheduling restriction for LTE-MTC” can handle “hybrid enabling/disabling HARQ feedback scenarios” when combined with legacy procedures to avoid issues related with e.g., a simultaneous Transmission/Reception, or not having time to perform an UL-to-DL re-tunning.
Proposal 8	Conclusion: HARQ feedback with and without using HARQ-ACK bundling is reported only for HARQ process with HARQ feedback enabled (i.e., HARQ feedback is not reported for HARQ processes with HARQ feedback disabled).
Proposal 9	For LTE-MTC/NB-IoT, enabled/disabled HARQ feedback can be used along with multiple TBs scheduled by single DCI. The Multi-TB grant feature has embedded enough flexibility as to leave up to the eNodeB which HARQ processes are to be scheduled together using a single DCI, and yet it is up to the eNodeB whether “a single TB is scheduled” or “multiple TB are scheduled”.
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Annex 1	Payload sizes comparison of DCI Format 6-0B and DCI Format 6-1B 
For the feature under discussion (i.e., disabling HARQ feedback), depending on the legacy functionalities/features it will support (i.e., legacy fields and procedures on which it relies), the payload size of DCI Format 6-1B may remain smaller than DCI Format 6-0B (i.e., its UL counterpart). Thus, 1-bit among the zeros that are appended to equal the payload sizes can be used to introduce a brand-new field (1-bit) for the “DCI-based overriding mechanism”. 
In Table A-1 and Table A-2 we provide a high-level comparative overview of the payload sizes of DCI Format 6-0B and DCI Format 6-1B depending on the features to be supported along with the disabling HARQ feedback for LTE-MTC over NTN.


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

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

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

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


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

	Resource block assignment 
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+3
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+4
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+ 4
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+ 4

	ACK or Fallback indicator
	-
	-
	1-bit
	-

	PUSCH repetition adjustment
	-
	-
	3-bits
	-

	Timing advance adjustment
	-
	-
	6-bits
	-

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

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

	HARQ process number
	1-bit
	1-bit
	-
	-

	New data indicator
	1-bit
	1-bit
	-
	-

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

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

	Resource reservation
	-
	-
	-
	-

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

	BW (MHz)
	Bits
	Total 

	1.4
	0+3
	

+12
	15

	3
	1+3
	
	16

	5
	2+3
	
	17

	10
	3+3
	
	18

	15
	4+3
	
	19

	20
	4+3
	
	19




	Resource block assignment + 13-bits =

	BW (MHz)
	Bits
	Total 

	1.4
	0+4
	

+13
	17

	3
	1+4
	
	18

	5
	2+4
	
	19

	10
	3+4
	
	20

	15
	4+4
	
	21

	20
	4+4
	
	21





	Resource block assignment + 16-bits =

	BW (MHz)
	Bits
	Total 

	1.4
	0+4
	

+16
	20

	3
	1+4
	
	21

	5
	2+4
	
	22

	10
	3+4
	
	23

	15
	4+4
	
	24

	20
	4+4
	
	24



	Resource block assignment + 18-bits =


	BW (MHz)
	Bits
	Total

	1.4
	0+4
	

+18
	22

	3
	1+4
	
	23

	5
	2+4
	
	24

	10
	3+4
	
	25

	15
	4+4
	
	26

	20
	4+4
	
	26






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

	
	Basic
	PUR
	Multi-TB

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

	Modulation and coding scheme
	4-bits
	4-bits
	-

	Resource block assignment 
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+ up to 5-bits
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+ up to 5-bits
	
	BW (MHz)
	Bits

	1.4
	0

	3
	1

	5
	2

	10
	3

	15
	4

	20
	4



+ up to 5-bits

	Repetition number
	3-bits
	3-bits
	3-bits

	HARQ process number
	1-bit
	1-bit
	-

	New data indicator
	1-bit
	1-bit
	-

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

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

	Scheduling TBs for Unicast
	-
	-
	10-bits

	Resource reservation
	-
	-
	-

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

	BW (MHz)
	Bits
	Total 

	1.4
	0+1
	

+14
	15

	3
	1+1
	
	16

	5
	2+1
	
	17

	10
	3+1
	
	18

	15
	4+1
	
	19

	20
	4+1
	
	19




	Resource block assignment +14-bits =

	BW (MHz)
	Bits
	Total 

	1.4
	0+1
	

+14
	15

	3
	1+1
	
	16

	5
	2+1
	
	17

	10
	3+1
	
	18

	15
	4+1
	
	19

	20
	4+1
	
	19



	Resource block assignment +18-bits =

	BW (MHz)
	Bits
	Total 

	1.4
	0+1
	

+18
	19

	3
	1+1
	
	20

	5
	2+1
	
	21

	10
	3+1
	
	22

	15
	4+1
	
	23

	20
	4+1
	
	23







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