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1 Introduction
In RAN# 112bis, the following agreement has been agreed for HARQ disabling of IoT NTN [1]:
Agreement
For Option 3 DCI indication:
· Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured
· DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration
· For single TB scheduled by DCI, the DCI based overridden indication is applied to one of the following options (to be down-selected):
· Option A-1: only applied to semi-statically HARQ disabled processes
· Option A-4: applied to both semi-statically HARQ disabled and enabled processes
· FFS for multiple TBs scheduled by single DCI
· Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured (i.e. no bitmap is configured)
· DCI-based mechanism is DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission
· For single TB scheduled by DCI, DCI-based direct indication is applied to the scheduled TB
· FFS for multiple TBs scheduled by single DCI



In this contribution, we provide further considerations on HARQ disabling mechanism for IoT NTN.

2 DCI indication for HARQ feedback disabling with bitmap
In RAN1#112bis e-meeting, it is clarified that the overridden by DCI indication is to reverse the RRC configuration of the scheduled HARQ process. And for single TB scheduling, the following two options are presented to be down-selected
· Option A-1: only applied to semi-statically HARQ disabled processes
· Option A-4: applied to both semi-statically HARQ disabled and enabled processes
Additionally, in FL proposal 1-7a, DCI indication by reusing/reinterpreting existing field was identified for option A-1, while DCI indication by adding one field in DCI (option 1) or by reusing by reusing/reinterpreting existing field (option 2) were identified for option A-4.   
From scheduling flexibility perspective, application of DCI overridden to both RRC enabled and disabled HARQ process (option A-4) provides more flexibility for the initial RRC HARQ feedback configuration. For UE with only CP solution, if the DCI-based overridden mechanism only applies to the disabled HARQ process, UE with semi-static enabled HARQ feedback cannot benefit from the latency reduction from HARQ disabling. 
In RAN1#110b, it is agreed that 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 the NPDSCH reception. The PDCCH monitoring restriction for the HARQ process with HARQ feedback enabled have been specified in TS36.213 in Rel-17, which includes
If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m or in a NTN serving cell, from an uplink subframe which, after accounting for uplink transmission timing, overlaps with downlink subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1. 
…

else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and 
-	if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3 or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3. 
…
In Figure 1, the time patterns of PDCCH monitoring restriction for a UE with one HARQ process are plotted. It can be observed that different PDCCH monitoring restriction for HARQ feedback enabled and disabled process are applied sequentially according to DCI indication even if the enabling/disabling of HARQ feedback is indicated dynamically. Intentionally restricting the application of DCI overriding to process with HARQ feedback either RRC enabled or disabled do not simplify the design. 
[image: ]
(a) Switch from disabled to enabled
[image: ]
(b) Switch from enabled to disabled
Figure 1 NPDCCH monitoring restriction for DL scheduling

In Rel-17 IoT NTN [2], the parameters of RTToffset/DLoffset reflecting the UE-eNB RTT in NTN is added in the formulation to determine HARQ RTT Timers, which is the minimum amount of subframe(s) before a DL assignment for HARQ retransmission is expected by the MAC entity. When DRX is configured and during active time, UE starts HARQ RTT Timers if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe. Moreover, in Rel-17 NR NTN, neither HARQ-RTT-TimerDL-NTN nor drx-HARQ-RTT-TimerDL for the corresponding HARQ process would start for HARQ processes with DL HARQ feedback disabled. The design in Rel-17 NR NTN can be taken as reference, i.e. HARQ RTT Timers for the corresponding HARQ process do not start if the process is indicated/configured with HARQ feedback disabled. Except for the case that HARQ feedback is always disabled, the implementation of HARQ RTT Timers cannot be saved. Meanwhile, the start/running of HARQ RTT Timers is per scheduling PDCCH. The dynamic change of HARQ feedback in the subsequent PDCCH do not impact the timers already running. We do not see the necessity to restrict the application of DCI overriding due to the impacts on DRX timer. 
Proposal 1: Support the DCI-based overriding mechanism is applied to both the semi-statically enabled and disabled HARQ process if the bitmap for HARQ disabling is configured. (Option A-4)
From DCI overhead perspective, 1 bit/1 entry can be saved for semi-statically enabled HARQ process if option A-1 is adopted. For semi-statically disabled HARQ process, an entry in “ACK/NACK resource field” might be reserved to indicate the HARQ feedback is disabled (maintained) and the rest of 15 entries with valid values for ACK/NACK subcarrier and  implies the HARQ feedback is enabled (reversed). However, such scheme may not be used in the scenario of single DCI scheduling multiple TBs, and part of TBs are semi-statically HARQ enabled and part of TBs are semi-statically HARQ. UE may have two different interpretations on the same “ACK/NACK resource field” in the DCI scheduling two TBs with different semi-static configuration. The benefit of latency reduction from HARQ disabling also diminishes in that case because eNB is not able to disable HARQ feedback for both TBs scheduled by single DCI. 
Observation 1: Reserving one entry in “ACK/NACK resource field” to indicate HARQ feedback disable only for semi-static disabled HARQ process may not work in multi TB scheduling.    
For option A-4, a sperate bit (either by reusing existing bit or adding new bit) is necessary to indicate whether the HARQ feedback of the scheduling TB(s) is reversed or maintained. If UE is scheduled two TBs with single DCI, 1 bit in scheduling DCI is also preferred to indicate whether the semi-statically configuration of enabled or disabled HARQ process is reversed. It can keep a same DCI size for single TB scheduling and for multiple TB scheduling so that UE do not need to detect two kinds of DCI size when DCI-based HARQ disabling is configured together with multi TB scheduling. Additionally, it can simplify UE design if the HARQ-ACK feedback for both TBs (both enabled or both disabled) is aligned no matter how the bitmap is configured. 
The reverse behavior indicated by 1 bit in the scheduling DCI under different bitmap configurations are summarized in Table 1. The HARQ process(es) highlighted in red are overridden by the DCI bit. The value of corresponding bit indication be 1 means that the RRC HARQ feedback configured enabled process(es) should be reversed, whereas the RRC HARQ feedback configured disabled process(es) do not change. And the value of corresponding bit indication be 0 means that the RRC HARQ feedback configured disabled process(es) should be reversed, whereas the RRC HARQ feedback configured enabled process(es) do not change. 
Table 1 HARQ-ACK feedback behavior when both bitmap and DCI-based overridden are configured
	Scenario
	Bitmap configuration
	1 bit in scheduling DCI

	
	
	“0”
	“1”

	Single TB scheduling
	Process #0 enabled
	Process #0 maintained
	Process #0 reversed

	
	Process #0 disabled
	Process #0 reversed
	Process #0 maintained

	Multiple TBs scheduling
	Process #0 enabled
Process #1 enabled
	Process #0 maintained
Process #1 maintained
	Process #0 reversed
Process #1 reversed

	
	Process #0 disabled
Process #1 disabled
	Process #0 reversed
Process #1 reversed
	Process #0 maintained
Process #1 maintained

	
	Process #0 enabled
Process #1 disabled
	Process #0 maintained
Process #1 reversed
	Process #0 reversed
Process #1 maintained



Proposal 2: If both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured, 1 bit in the scheduling DCI is used in both single TB and multi TBs scheduling. 
· DCI field=1: RRC configuration is reversed for HARQ enabled TB and is maintained for HARQ disabled TB
· DCI field=0: RRC configuration is maintained for HARQ enabled TB and is reversed for HARQ disabled TB
3 DCI indication for HARQ feedback disabling w/o bitmap
· Single TB scheduling
In RAN1 #112bis e-meeting, the following agreement is reached for DCI-based direct indication of single TB scheduling. [Proposal 1-8c]
For single TB scheduled by DCI                               
· For DCI-based direct indication, down select one of the following based on the criteria DCI overhead, PDCCH monitoring behavior, impact on scheduling flexibility, UE implementation complexity, etc
· Option 1: Indication by adding one field in DCI (e.g., 1-bit) 
· Note: Other fields in DCI are the same as legacy.
· Option 2: Indication by reusing/reinterpreting existing field in DCI
· Option 2A: HARQ-ACK related field 
· For eMTC CE mode B, one state of “HARQ-ACK resource offset” field in DCI format 6-1B is used for indication of HARQ feedback disabled, other states are used for indication of HARQ feedback enabled and corresponding HARQ-ACK resource.
· FFS: detailed state
· For NBIoT, one state of “HARQ-ACK resource” field in DCI format N1 is used for indication of HARQ feedback disabled, other states are used for indication of HARQ feedback enabled and corresponding HARQ-ACK resource.
· FFS: detailed state
· Option 2B: MCS or repetition number field
· Reduce 1bit of legacy MCS or repetition number field and add 1bit new field in DCI format 6-1B and N1 to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced MCS or repetition number field
· Option 2C: HARQ-ACK related field v2
· For eMTC CE mode B, reduce 1bit of legacy “HARQ-ACK resource offset” field and add 1bit new field in DCI format 6-1B to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced “HARQ-ACK resource offset” field
· For NBIoT, reduce 1bit of legacy “HARQ-ACK resource” field and add 1bit new field in DCI format N1 to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced “HARQ-ACK resource” field
· Option 2D: Other indication by reusing/reinterpreting existing field


We consider a common design should be made for both the indication of DCI-based direct indication and DCI-based overridden indication, i.e. 1 separate bit in the scheduling DCI should be used to indicate the HARQ feedback is disabled. Among the options with separate bit (option 1, option 2B and 2C), we prefer to add 1 bit in the DCI (option 1) without changing existing field. Reusing 1 existing bit would influence the scheduling flexibility. Especially, if Option 2C is applied, only 2 states can be used when HARQ feedback is enabled for eMTC. Although another DCI size is introduced, the longer DCI size only exists when DCI indicate HARQ feedback be enabled by high layer parameters. And UE only need to detect the legacy DCI size if DCI indicate HARQ feedback is not configured enabled.
Proposal 3: For DCI-based direct indication of single TB scheduling, adding one field with 1 bit in DCI is preferred. (Option 1). 
· Multiple TBs scheduling
Multiple TBs scheduling by single DCI is usually used when these TBs share similar reliability and latency requirement. Especially in NB-IoT, it is not allowed to schedule a new TB with a feedback disabled HARQ process, before HARQ feedback of the other enabled process scheduled together is received. Thus, we prefer the indication for HARQ feedback in scheduling DCI is applied to all HARQ processes scheduled at same time. Moreover, if DCI indication is applied for the scheduled HARQ process(es) individually, more than 1 bits are needed, which results different DCI payload size depending on the number of scheduled TBs. Considering UE would know whether one or two TB(s) be scheduled according to the Number of scheduled TB for Unicast field in DCI only after decoding the scheduling DCI, UE need to detect more than one kind of DCI size which may increase the complexity. To simplify the design, we propose to have 1 bit indication to align the HARQ-ACK feedback behavior for both TBs.
Proposal 4: For DCI-based direct indication of multiple TBs scheduling, a common design with single TB scheduling is preferable, i.e. a bit in DCI indication HARQ feedback disabled/enabled for all scheduled TBs.
4 Multiple TBs scheduling when only RRC bitmap is configured
In RAN1#111, multiple options of UE HARQ feedback behavior when two TBs scheduled by single DCI for NB-IoT are captured in the proposal 5-1a in the FLS [4].
[Proposal 5-1a]: 
· For NBIoT single TBs scheduled by single DCI, HARQ feedback is not reported for downlink transmission with HARQ process disabled.
· For NBIoT two TBs scheduled by single DCI, 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 by single DCI 
· Other options are not excluded
If only bitmap is configured, the two TBs scheduled by one DCI could be in one of the following 3 scenarios: 
· Scenario 1: Both TBs are associated with feedback-enabled HARQ processes
· Scenario 2: Both TBs are associated with feedback-disabled HARQ processes
· Scenario 3: One TB is associated with feedback-enabled HARQ process and the other is with feedback-disabled HARQ processes. 
In Scenario 1, UE should feedback the decoding results of 2 TBs as legacy mechanism. In Scenario 2, if UE always generate ACK for the two disabled HARQ processes as Option 1 in proposal 5-1a, UL resources would be occupied by unnecessary feedback, which may decrease the throughput and increase the latency. Thus, UE is not required to feedback HARQ-ACK for either of the HARQ processes. In Scenario 3, it is possible for UE to only feedback HARQ-ACK for the enable HARQ process (option 2 in proposal 5-1a) which can save the NPUSCH format 2 resource compared with option 3 that HARQ-ACKs for both TBs are feedback. However, according to NPDCCH monitoring defined in [3], UE may not require to monitor NPDCCH in any subframe from the start of NPDSCH(s) transmission to the end of receiving NPUSCH format 2. It is not possible for eNB to schedule another NPDSCH with HARQ process which is disabled for feedback before eNB receives HARQ ACK for the TB with HARQ feedback enabled. Table 2 presents the throughput of the option 2 and option 3 based on the relationship of Figure 2 when only one of the TB scheduled by single DCI is HARQ-enabled. The marginal throughput loss in option 3 compared with option 2 is due to one additional NPUSCH Format 2 carrying the HARQ feedback for disabled HARQ process. If HARQ time bundling is enabled, there is even no throughput loss for option 3. On the other side, the additional HARQ-ACK feedback for the disable HARQ process as in option 3 is beneficial for the transmission reliability and open loop link adaptation. Thus, we propose option 3 that if only one of the two TBs scheduled by single DCI is HARQ feedback disabled, UE should still feedback HARQ-ACK for the disabled HARQ process. 
[image: ]
(a) Option2 in Scenario 3
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(b) Option3 in Scenario 3
Figure 2 Scheduling timeline with HARQ disabling
Table 2 Throughput of Scenario 3 with Option 2 and Option 3 
	
Constellation
	
RTT (ms)
	Repetition number
	T_total (ms) =10
	Throughput

	
	
	NPDSCH
	NPDCCH
	NPUSCH format 2
	Option2
	Option 3
	Option 2
	Option 3

	GEO
	539.66
	32
	32
	128
	1615
	1871
	0.3170
	0.2737

	LEO1200
	31.18
	8
	8
	32
	283
	347
	1.8092
	1.4755

	LEO600
	16.69
	8
	8
	16
	236
	268
	2.1695
	1.9104



Observation 2: For multiple TBs scheduled by one DCI, feedback HARQ-ACK for both TBs would benefit for link adaption with marginal throughput loss when HARQ-ACK feedback for at least one of the processes is enabled by eNB.
Proposal 5: For the multiple TBs scheduled by one DCI, if only the bitmap for HARQ feedback enabling/ disabling is configured by high layer parameter, UE feedback HARQ-ACK for both TBs if at least one of the HARQ process is feedback enabled; otherwise, UE does not feedback HARQ-ACK for either of the HARQ processes.

5 Out of sync for NDI
In RAN1#112bis meeting, an out of sync issue is pointed out when HARQ feedback is disabled [5]. The issue occurs when a 1st TB scheduled by the first DCI is not decoded correctly, the 2nd DCI scheduling 2nd new TB is missed, the 3rd new TB scheduled by 3rd DCI is regarded as retransmission of the 1st TB as the NDI field is not toggled from UE perspective. 
From our point of view, the following two questions need to be clarified firstly before we study the out of sync issue. The first question is whether only new TB scheduling is allowed when HARQ feedback is disabled. It is not clear from current NR NTN specification whether blind retransmssion is allowed when HARQ feedback is disabled. If blind retransmssion is not allowed, UE would know the transmission is always a new one regardless the bit value of the NDI. The second question is whether UE would combine the re-transmissions and the initial transmission when HARQ feedback is disabled. In current specification, the combination between initial and re-transmission is not differentiated for the scenario when HARQ feedback is disabled in NR NTN. Thus UE may also can combine the re-transmissions and the initial transmission when HARQ feedback is disabled for IoT NTN.
Proposal 6: RAN1 should clarify whether blind retransmssion is allowed and whether UE would combine the re-transmissions and the initial transmission with HARQ feedback disabling.
6 RRC parameters
It has been agreed that HARQ disabling can be configured/indicated either by RRC configuration or DCI indication or both of them. Similar to NR NTN, a bitmap for HARQ feedback enabling/disabling (e.g. downlinkHARQ-FeedbackDisabled) can be optionally configured by high layer parameter. DCI indication can be independently configured (e.g. by dlHARQ-FeedbackDisabled-dci) to dynamically enable/disable the HARQ feedback for the scheduled HARQ process or to override of the configuration by the bitmap.
Proposal 7: For HARQ disabling of IoT NTN, two new RRC parameters (i.e. downlinkHARQ-FeedbackDisabled and dlHARQ-FeedbackDisabled-dci) are added.
7 Conclusion
The observations and proposals made in this contribution are summarized below:
[bookmark: _GoBack]Observation 1: Reserving one entry in “ACK/NACK resource field” to indicate HARQ feedback disable only for semi-static disabled HARQ process may not work in multi TB scheduling.    
Observation 2: For multiple TBs scheduled by one DCI, feedback HARQ-ACK for both TBs would benefit for link adaption with marginal throughput loss when HARQ-ACK feedback for at least one of the processes is enabled by eNB.

Proposal 1: Support the DCI-based overriding mechanism is applied to both the semi-statically enabled and disabled HARQ process if the bitmap for HARQ disabling is configured. (Option A-4)
Proposal 2: If both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured, 1 bit in the scheduling DCI is used in both single TB and multi TBs scheduling. 
· DCI field=1: RRC configuration is reversed for HARQ enabled TB and is maintained for HARQ disabled TB
· DCI field=0: RRC configuration is maintained for HARQ enabled TB and is reversed for HARQ disabled TB
Proposal 3: For DCI-based direct indication of single TB scheduling, adding one field with 1 bit in DCI is preferred. (Option 1). 
Proposal 4: For DCI-based direct indication of multiple TBs scheduling, a common design with single TB scheduling is preferable, i.e. a bit in DCI indication HARQ feedback disabled/enabled for all scheduled TBs.
Proposal 5: For the multiple TBs scheduled by one DCI, if only the bitmap for HARQ feedback enabling/ disabling is configured by high layer parameter, UE feedback HARQ-ACK for both TBs if at least one of the HARQ process is feedback enabled; otherwise, UE does not feedback HARQ-ACK for either of the HARQ processes.
Proposal 6: RAN1 should clarify whether blind retransmssion is allowed and whether UE would combine the re-transmissions and the initial transmission with HARQ feedback disabling.
Proposal 7: For HARQ disabling of IoT NTN, two new RRC parameters (i.e. downlinkHARQ-FeedbackDisabled and dlHARQ-FeedbackDisabled-dci) are added.


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] Report of 3GPP TSG RAN WG1 #112bis meeting.
[2] TS 36.321, “Medium Access Control (MAC) protocol specification”.
[3] TS 36.213, “LTE; Physical layer procedures”.
[4] R1-2301804, “FLS#2 on disabling of HARQ feedback for IoT NTN”.
[5] R1-2302837, “Disabling of HARQ feedback for NB-IoT/eMTC over NTN”.

image2.png
DCI for HARQ process D 0 DCI for HARQ process D0

@isabled) (enbled)

O mm TT mm m

w0 N R
UEUL -

HARQ-ACK feedback

TCmaces

. NPDCCH . NPDSCH . NPUSCH format2 No NPDCCH monitoring





image3.png
DCI for HARQ process D0 DCI for HARQ process D0
(enabled) (disabled)

UEDL H

UEUL -

HARQ-ACK feedback

. NPDCCH . NPDSCH . NPUSCH format2 No NPDCCH monitoring





image4.png
=k +K offset-1





image5.png
=k K offset-1





image1.wmf
MCS

02

I

££


oleObject1.bin

