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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


More recently in RAN1# 111, a Working Assumption (WA) was reached encompassing both NB-IoT and LTE-MTC [5]:
	Working assumption
[bookmark: _Hlk120623402]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 by default, and support Option 3 to override default configuration for corresponding transmission
· Additional RRC signaling to enable Option 3
· If the bitmap for option 1 is not present and if option 3 is configured then the DCI directly indicates HARQ enable/disable. Option 3 can also be configured when the bitmap for option 1 is configured.
· [bookmark: _Hlk120625898][bookmark: _Hlk120625604][bookmark: _Hlk120625621]FFS #1: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes or only applied to semi-statically HARQ disabled processes or only applied to semi-statically HARQ enabled processes.
· FFS #2: whether/how to support Option 3 overriding default configuration for corresponding transmission for multiple TBs scheduled by single DCI
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 the 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 Working Assumption on how “to configure/indicate enabling/disabling of HARQ feedback for downlink transmission” from RAN1# 111 cited in section 2 contains two FFSs, the first one (i.e., FFS#1) touches upon the expected degree of flexibility, whereas the second one (i.e., FFS#2) is about compatibility with the multi-TB grant feature. We provide our views on FFS#1 and FFS#2 in sections 2.1.1 and 2.1.2 respectively.
2.1.1	FFS#1
The Working Assumption will have a different degree of flexibility depending on the resolution of “FFS#1,” 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 enabled and disabled processes”
	FFS#1 alternative when “only applied to semi-statically HARQ disabled processes”
	FFS#1 alternative when “only applied to semi-statically HARQ enabled processes”

	IF-ELSE Description
	IF downlinkHARQ-FeedbackDisabled (i.e., bitmap) is configured
· HARQ enabled/disabled is determined by downlinkHARQ-FeedbackDisabled (i.e., bitmap)
· IF dlHARQ-FeedbackDisabled-dci is further configured
· IF HARQ enabled/disabled for corresponding transmission is overridden by DCI indication (e.g., explicit indication)
· HARQ enabled/disabled for the corresponding transmission is overridden from that determined by downlinkHARQ-FeedbackDisabled
· ELSE 
· Follow HARQ enabled/disabled determined by downlinkHARQ-FeedbackDisabled
· ELSE
·  Follow HARQ enabled/disabled determined by downlinkHARQ-FeedbackDisabled
ELSE 
· IF dlHARQ-FeedbackDisabled-dci is configured
· HARQ enabled/disabled for the corresponding transmission is indicated by DCI (e.g., explicit indication)
· ELSE
· all HARQ enabled

	IF downlinkHARQ-FeedbackDisabled (i.e., bitmap) is configured
· HARQ enabled/disabled is determined by downlinkHARQ-FeedbackDisabled (i.e., bitmap)
· IF dlHARQ-FeedbackDisabled-dci is further configured
· IF HARQ disabled for corresponding transmission is overridden by DCI indication (e.g., explicit indication)
· HARQ disabled for the corresponding transmission is overridden from that determined by downlinkHARQ-FeedbackDisabled
· ELSE 
· Follow HARQ enabled/disabled determined by downlinkHARQ-FeedbackDisabled
· ELSE
·  Follow HARQ enabled/disabled determined by downlinkHARQ-FeedbackDisabled
ELSE 
· IF dlHARQ-FeedbackDisabled-dci is configured
· HARQ enabled/disabled for the corresponding transmission is indicated by DCI (e.g., explicit indication)
· ELSE
· all HARQ enabled

	IF downlinkHARQ-FeedbackDisabled (i.e., bitmap) is configured
· HARQ enabled/disabled is determined by downlinkHARQ-FeedbackDisabled (i.e., bitmap)
· IF dlHARQ-FeedbackDisabled-dci is further configured
· IF HARQ enabled for corresponding transmission is overridden by DCI indication (e.g., explicit indication)
· HARQ enabled for the corresponding transmission is overridden from that determined by downlinkHARQ-FeedbackDisabled
· ELSE 
· Follow HARQ enabled/disabled determined by downlinkHARQ-FeedbackDisabled
· ELSE
·  Follow HARQ enabled/disabled determined by downlinkHARQ-FeedbackDisabled
ELSE 
· IF dlHARQ-FeedbackDisabled-dci is configured
· HARQ enabled/disabled for the corresponding transmission is indicated by DCI (e.g., explicit indication)
· ELSE
· all HARQ enabled


	Pros
	· Flexibility: The default enabled/disabled configuration can be momentarily changed (i.e., for a given transmission) on a per need basis.

· For a given HARQ process, 1-bit is enough to indicate if the “HARQ feedback” is enabled (e.g., bit set to “1”) or disabled (e.g., bit set to “0”).
	· None (The restricted flexibility has the same cost as the full flexibility).
	· None (The restricted flexibility has the same cost as the full flexibility).

	Cons
	· None (The full flexibility has the same cost as the restricted flexibility).
	
· Restricts the flexibility at the network side, since HARQ processes configured via RRC with “HARQ feedback enabled” wouldn’t be overridden via DCI, hence those HARQ processes will prevail enabled unless an RRC-reconfiguration were performed.

· The 1-bit in DCI will only be meaningful (i.e., would only apply) when the corresponding transmission refers to HARQ processes configured with “HARQ feedback disabled” via RRC-signaling.


	
· Restricts the flexibility at the network side, since HARQ processes configured via RRC with “HARQ feedback disabled” wouldn’t be overridden via DCI, hence those HARQ processes will prevail disabled unless an RRC-reconfiguration were performed.

· The 1-bit in DCI will only be meaningful (i.e., would only apply) when the corresponding transmission refers to HARQ processes configured with “HARQ feedback enabled” via RRC-signaling.




[bookmark: _Toc127365356]For FFS#1, the alternative when “Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes” adds flexibility, since the default enabled/disabled configuration can for a given transmission be changed (i.e., momentarily) on a per need basis.
[bookmark: _Toc127365369][bookmark: _Hlk121210846]For FFS#1 in the Working Assumption from RAN1# 111, aiming at getting a solution with full-flexibility adopt the following approach: “Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes”.
2.1.2	FFS#2
The FFS#2 in the Working Assumption states “whether/how to support Option 3 overriding default 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: _Toc127365357]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.
[bookmark: _Toc127365358]For LTE-MTC, the DCI-based solution can be used for multiple TBs scheduled by single DCI. Based on “Observation 2”, the flexibility embedded into the Multi-TB grant feature will allow using 1-bit in DCI for “overriding or not” the corresponding default HARQ feedback configuration for the HARQ processes that the network grouped together to be scheduled using a single DCI.
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 1-bit in DCI for “overriding or not” their corresponding default HARQ feedback configuration can be supported. 
[bookmark: _Toc127365359]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 1-bit in DCI can be used for having the possibility of “overriding or not” their corresponding default HARQ feedback configuration.
2.1.3	Overall view on the Working Assumption
Based on the analysis in sections 2.1.1 and 2.1.2, we have the following proposal:
[bookmark: _Toc127365370]The Working Assumption from RAN1#111 can be confirmed:
· [bookmark: _Toc127365371]FFS#1: full-flexibility adopting the following approach: “Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes”.
· [bookmark: _Toc127365372]FFS#2: Relaying on the flexibility already embedded into the Multi-TB grant feature, the DCI-based solution can be used for multiple TBs scheduled by single DCI.
2.1.4	DCI field for the “DCI-based” solution
Below we explore for both NB-IoT and LTE-MTC in CE Mode B, whether a brand-new bit is needed or if there is any other alternative.
2.1.3.1	DCI field for “DCI-based” solution in LTE-MTC in CE Mode B
In TS 36.212 [7], DCI Format 6-1B includes the following statement:
“If the UE is configured to decode MPDCCH with CRC scrambled by the C-RNTI or PUR-RNTI, and the format 6-1B CRC is not scrambled with a G-RNTI, and the number of information bits in format 6-1B mapped onto a given search space is less than that of format 6-0B for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 6-1B until the payload size equals that of format 6-0B.”
For the feature under discussion and depending on the legacy functionalities it uses (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. 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” (See analysis in Annex 1).
[bookmark: _Toc127365360]In LTE-MTC, DCI Format 6-1B has an UL counterpart (i.e., DCI Format 6-0B) which may have a larger payload size depending on the legacy functionalities intended to be used along with the disabling HARQ feedback feature. 
[bookmark: _Toc127365361]If the payload size of DCI Format 6-0B were larger than that of DCI Format 6-1B, then the latter appends zeros till the payload sizes are equal. In that case, one of those “zeros” could be used to introduce a brand-new field (1-bit) for the “DCI-based overriding mechanism”.
[bookmark: _Toc127365373]Before re-purposing any bit from a legacy DCI field, companies are encouraged to determine if for “the disabling HARQ feedback feature” the payload size of DCI Format 6-0B is expected to be larger than that of DCI Format 6-1B. If yes, then one of the “zeros appended” to DCI Format 6-1B can be used to introduce a new field (1-bit) for the “DCI-based overriding mechanism”.
2.1.3.2	DCI field for “DCI-based” solution in NB-IoT
In TS 36.212 [7], DCI Format N1 includes the following statement:
“If the number of information bits in format N1 mapped onto the same search space is less than that of format N0 and the format N1 CRC is not scrambled by G-RNTI, zeros shall be appended to format N1 until the payload size equals that of format N0”
[bookmark: _Toc127365362]If the payload size of DCI Format N0 were larger than that of DCI Format N1, then the latter appends zeros till the payload sizes are equal. In that case, one of those “zeros” could be used to introduce a brand-new field (1-bit) for the “DCI-based overriding mechanism”.
[bookmark: _Toc127365374]Before re-purposing any bit from a legacy DCI field, companies are encouraged to determine if for “the disabling HARQ feedback feature” the payload size of DCI Format N0 is expected to be larger than that of DCI Format N1. If yes, then one of the “zeros appended” to DCI Format N1 can be used to introduce a new field (1-bit) for the “DCI-based overriding mechanism”.
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.




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: _Toc127365363]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
	Clause 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 3 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 Clause 10.2.2.3 of TS 36.211
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Note: The arrow pointing downwards “↓” refers to the earliest subframe from which the subsequent NPDCCH for the HARQ process with “HARQ feedback disabled” can be received.

[bookmark: _Toc127365375]Conclusion: It is RAN1 understanding that the “scheduling restriction for NB-IoT” 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. 
3.2	LTE-MTC on “how to support enabling and disabling HARQ feedback for downlink transmissions” 
In RAN1# 111 the following proposal was included in [8], as a “scheduling restriction” candidate for LTE-MTC:
[Proposal 3-2a]: 
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 until X=3 (ms) after the end of the reception of the last PDSCH for that HARQ process. 
The proposal covers both, the scheduling of a regular DL grant and semipersistent scheduling (SPS). The proposal overall seems to be feasible even though the short time (i.e., 3ms) makes the scheduling decisions to accumulate over time, and the network will have to decide/prioritize a subsequent scheduling or a first-time scheduling of certain HARQ processes (see question marks “?” in Table 4). Nonetheless, the “scheduling restriction” should be described using a proper terminology in terms of “BL/CE DL subframes” as to be consistent with the subframe types used for transmitting in DL.
[bookmark: _Toc127365376]The “scheduling restriction” as per [Proposal 3-2a] in [8] is revised as follows to include a proper terminology:
[bookmark: _Toc127365377]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.
Applying the proposed “scheduling restriction” for LTE-MTC when there are 10 HARQ processes, all with “HARQ feedback disabled” results in what is illustrated in Table 4. 
Table 4 “Scheduling restriction” for LTE-MTC in a scenario with ten HARQ processes all with disabled HARQ feedback
	
	
	
	
	
	
	
	↓
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


…

	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
	0
or
6
	1
or
7
or 0
or
6
	2
or
8
or
1
or
7
or 0
or
6
	3
or
9
or
2
or
8
or
1
or
7
or
0
or
6
	?
	?
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

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

	
	
	
	
	No-monitoring MPDCCH for HARQ# 0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	No-monitoring MPDCCH for HARQ# 1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	No-monitoring MPDCCH for HARQ# 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	No-monitoring MPDCCH for HARQ#3 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


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.
If we focus for a moment on “HARQ process#0”, we can see that the very first transmission of MPDCCH#0 is at BL/CE DL subframe#0, whereas its associated PDSCH#0 is at BL/CE DL subframe#2. Moreover, according with the “scheduling restriction,” since PDSCH#0 ended also at BL/CE DL subframe#2 then during BL/CE DL subframes #3, #4, and #5 the UE is not expected to receive MPDCCH scheduling for HARQ process#0, this means that from the BL/CE DL subframe#6 onwards a subsequent MPDCCH scheduling for HARQ process#0 can be received (see arrow pointing downwards “↓” in Table 4).
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 10.2.2.3 of TS 36.211



[bookmark: _Toc127365364]The “scheduling restriction for LTE-MTC as per [Proposal 3-2a] after including a proper terminology (i.e., BL/CE DL subframes), 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 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: _Toc127365378]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. 
4	Other topics 
4.1	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: _Toc127365365]About the impact on SPS from the enabling/disabling switching as per either “Option-1” and/or “Option-3”, in our understanding there is no impact due that SPS works on a pre-configuration basis.
[bookmark: _Toc127365366]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 “Option-1” and/or “Option-3”.
4.2	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

[bookmark: _Toc127365367]The HARQ processes with HARQ feedback disabled can 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 with “HARQ-ACK bundling flag” set to 1 as to be “Transport blocks in a bundle,” the “HARQ-ACK delay” will be used to group them (i.e., bundle them) as desired by the network. HARQ-ACK bundling should be discussed until after the “scheduling restriction” is settled and the WA confirmed.
4.3	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, 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: _Toc127365368]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 the “scheduling restriction” is settled (in both, mixed & not-mixed enabling/disabling scenarios), the WA confirmed, and “HARQ ACK bundling” support is settled.
5	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	For FFS#1, the alternative when “Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes” adds flexibility, since the default enabled/disabled configuration can for a given transmission be changed (i.e., momentarily) on a per need basis.
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	For LTE-MTC, the DCI-based solution can be used for multiple TBs scheduled by single DCI. Based on “Observation 2”, the flexibility embedded into the Multi-TB grant feature will allow using 1-bit in DCI for “overriding or not” the corresponding default HARQ feedback configuration for the HARQ processes that the network grouped together to be scheduled using a single DCI.
Observation 4	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 1-bit in DCI can be used for having the possibility of “overriding or not” their corresponding default HARQ feedback configuration.
Observation 5	In LTE-MTC, DCI Format 6-1B has an UL counterpart (i.e., DCI Format 6-0B) which may have a larger payload size depending on the legacy functionalities intended to be used along with the disabling HARQ feedback feature.
Observation 6	If the payload size of DCI Format 6-0B were larger than that of DCI Format 6-1B, then the latter appends zeros till the payload sizes are equal. In that case, one of those “zeros” could be used to introduce a brand-new field (1-bit) for the “DCI-based overriding mechanism”.
Observation 7	If the payload size of DCI Format N0 were larger than that of DCI Format N1, then the latter appends zeros till the payload sizes are equal. In that case, one of those “zeros” could be used to introduce a brand-new field (1-bit) for the “DCI-based overriding mechanism”.
Observation 8	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 9	The “scheduling restriction for LTE-MTC as per [Proposal 3-2a] after including a proper terminology (i.e., BL/CE DL subframes), 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 10	About the impact on SPS from the enabling/disabling switching as per either “Option-1” and/or “Option-3”, in our understanding there is no impact due that SPS works on a pre-configuration basis.
Observation 11	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 “Option-1” and/or “Option-3”.
Observation 12	The HARQ processes with HARQ feedback disabled can 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 with “HARQ-ACK bundling flag” set to 1 as to be “Transport blocks in a bundle,” the “HARQ-ACK delay” will be used to group them (i.e., bundle them) as desired by the network. HARQ-ACK bundling should be discussed until after the “scheduling restriction” is settled and the WA confirmed.
Observation 13	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 the “scheduling restriction” is settled (in both, mixed & not-mixed enabling/disabling scenarios), the WA confirmed, and “HARQ ACK bundling” support is settled.

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

Proposal 1	For FFS#1 in the Working Assumption from RAN1# 111, aiming at getting a solution with full-flexibility adopt the following approach: “Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes”.
Proposal 2	The Working Assumption from RAN1#111 can be confirmed:
	FFS#1: full-flexibility adopting the following approach: “Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes”.
	FFS#2: Relaying on the flexibility already embedded into the Multi-TB grant feature, the DCI-based solution can be used for multiple TBs scheduled by single DCI.
Proposal 3	Before re-purposing any bit from a legacy DCI field, companies are encouraged to determine if for “the disabling HARQ feedback feature” the payload size of DCI Format 6-0B is expected to be larger than that of DCI Format 6-1B. If yes, then one of the “zeros appended” to DCI Format 6-1B can be used to introduce a new field (1-bit) for the “DCI-based overriding mechanism”.
Proposal 4	Before re-purposing any bit from a legacy DCI field, companies are encouraged to determine if for “the disabling HARQ feedback feature” the payload size of DCI Format N0 is expected to be larger than that of DCI Format N1. If yes, then one of the “zeros appended” to DCI Format N1 can be used to introduce a new field (1-bit) for the “DCI-based overriding mechanism”.
Proposal 5	Conclusion: It is RAN1 understanding that the “scheduling restriction for NB-IoT” 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 6	The “scheduling restriction” as per [Proposal 3-2a] in [8] is revised as follows to include a proper terminology:
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.
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.
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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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