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1 Introduction
In RAN#98e [1], the revised WID on IoT NTN enhancements was endorsed for Release 18. Rel-17 IoT-NTN is considered as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objective for disabling of HARQ feedback.
According to the WID, disabling of HARQ feedback for IoT NTN has been agreed in RAN meetings.
	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 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, RAN2]
NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.


 
This contribution aims to discuss aspects related to disabling of HARQ feedback for IoT NTN.

2 Discussion on disabling of HARQ feedback
2.1 Analysis of DL peak data rates in NB-IoT NTN
In LTE eMTC and NB-IoT specifications, the HARQ process with adaptive retransmissions is asynchronous on DL and UL. In both directions, the receiver tries to decode the transport block (TB) with soft combining of HARQ re-transmissions. In case the transmission is a new TB, the soft buffer should be flushed. In case a retransmission occurred, soft combining of current HARQ re-transmission and previous HARQ transmissions should be performed. The UE knows a scheduled TB is re-transmitted from the new data indicator (NDI) as indicated on DCI.
In satellite systems, larger values of RTD can be typically experienced due to the large channel propagation delay between the UE and the satellite, which depends on the satellite orbit and the elevation angle. HARQ stalling occurs due to the longer satellite RTT between the device and the network, where the UE needs to wait for the reception of a packet or the UL grant to transmit a new packet with HARQ re-transmissions. 
In SI phase of IoT NTN, link budget results have been captured and summarized in TR 36.763 [2]. The link budget results would suggest that at very low SNR, repetition levels of 16 or 32 with TBS mapped to 10 RUs will be sufficient in most scenarios.
In cellular NB-IoT, the max TBS is 2536 bits with QPSK modulation as shown in Appendix. Figure 1 illustrates the scheduling of DL packets with 2 HARQ processes. The DCI#1 scheduled NPDSCH #1 can be transmitted during the scheduling delay of the DCI#0 and scheduled NPDSCH #0, and network schedules the NPDSCH #1 right next to NPDSCH #0.


Figure 1: 2 HARQ processes for legacy NB-IoT

Table 1 shows DL maximum data rates of NB-IoT for Cellular, LEO, and GEO with HARQ feedback enabling with Max TBS=2536 bits with QPSK. With repetitions scheduled by the eNB, the impact of the satellite RTD on the NB-IoT data rates in GEO due to HARQ stalling is significant with a 61% reduction of peak data rate observed with 16 repetitions and 10 RUs per TBS compared to cellular (this means TBS is transmitted over 16*10 RUs = 160 ms assuming SCS=15 kHz); for LEO, it is not significant with a 7% reduction of peak data rate observed with 16 repetitions. Without repetitions, the impact of the satellite RTD on the NB-IoT data rates in GEO and LEO is significant. For LEO it is relatively smaller than that in GEO.
[bookmark: _Hlk114220022]Observation 1: Peak data rate reduction with enabling HARQ in NB-IoT NTN scenarios becomes lower with higher repetitions used. 

Table 1: peak data rate of enabling HARQ 
	
	2-HARQ Processes    
TBS=2536 bits  

	
	DL without repetitions for NPDCCH and NPDSCH
	DL with 4 repetitions for NPDCCH and NPDSCH
	DL with 8 repetitions for NPDCCH and NPDSCH
	DL with 16 repetitions for NPDCCH and NPDSCH
	DL with 32 repetitions for NPDCCH and NPDSCH

	Cellular
	126.8 kbps
	49.2 kbps
	27.1 kbps
	14.3 kbps
	7.3 kbps

	LEO
	74.6 kbps
(~41% reduction)
	38.7 kbps
(~21% reduction)
	23.6 kbps
(~13% reduction)
	13.2 kbps
(~7% reduction)
	7.1 kbps
(~3% reduction)

	GEO
	8.7 kbps
(~93% reduction)
	7.8 kbps
(~84% reduction)
	6.9 kbps
(~74% reduction)
	5.6 kbps
(~61% reduction)
	4.1 kbps
(~44% reduction)



2.2 Configure enabling/disabling on HARQ feedback in IoT NTN
Disabling of HARQ feedback was discussed in last few meetings and agreements are made in RAN1 and RAN2 for options of disabling HARQ feedback in Rel-18 IoT NTN.

	Agreement (RAN1 110)
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
· [bookmark: _Hlk117754530]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 (RAN1 110b)
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
Working assumption (RAN1 111):
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.
· 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.

Agreements (RAN2 119):
· Disabling DL HARQ feedback is supported for NB-IoT and eMTC NTN. FFS on UE capability
· For UL HARQ operation, introduce two HARQ modes, i.e., HARQ mode A and HARQ mode B in IoT NTN (both NB-IoT and eMTC NTN), similarly to NR NTN
· From RAN2 perspective, at least for eMTC, enabling/disabling HARQ feedback can be configured per DL HARQ process at least via UE specific RRC signalling. FFS for NB-IoT (and especially for CP solution for NB-IOT).
Agreements (RAN2 119b):
· For NB-IoT, enabling/disabling HARQ feedback can be configured per DL HARQ process at least via UE specific RRC signaling (e.g. RRCConnectionSetup). This does not preclude other options (e.g. DCI-based). We can also revert this decision if requested by RAN1.
· Disabling HARQ feedback is supported for NB-IoT with single HARQ process, and it is up to eNB implementation whether to disable the HARQ feedback



[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN1 110-bis, RAN1 made agreement to down select ONE from the following options at RAN1#111, where option 6a-4 supported Option 1 by default. Option 1 by default implies that a UE-specific RRC configuration for disabling HARQ feedback always exists. For the working assumption made in RAN1 111, although the first bullet is aligned with Option 6a-4 of agreement in RAN1 110-bis, the second sub-bullet “If the bitmap for option 1 is not present” is more like DCI standalone solution which contradicts first bullet that support Option 1 by default.

[bookmark: _Hlk124771540]Observation 2: Working Assumption is ambiguous. Option 1 by default implies that a UE-specific RRC configuration for disabling HARQ feedback always exists. The sub-bullet that if the bitmap for Option 1 is not present contradicts first bullet that support Option 1 by default. 

For disabling of HARQ feedback in IoT NTN, enabling/disabling HARQ feedback per HARQ process via UE specific RRC signaling is aligned with RAN2 agreements with low specification impact. As IoT device is more delay tolerant, enabling/disabling HARQ feedback per HARQ process via UE specific RRC signaling is enough to ensure network flexibility in HARQ feedback enabling/disabling scheduling. 
There may be the case when the HARQ process is utilized for MAC CE but HARQ feedback is disabled for the HARQ process by UE specific RRC signaling. The network can override RRC disabled configuration per HARQ process per UE by explicit indication via DCI with re-interpreted fields.  The DCI override can be enabled by a higher layer parameter npdsch-HarqFeedbackDisableOverride-Config configured via UE-specific RRC signalling based on UE capability.

Proposal 1: For NB-IoT, support at least configuration of a bitmap for enabling/disabling HARQ feedback “per HARQ process via UE specific RRC signaling” by default.

[bookmark: _Hlk124771574]Proposal 2: For NB-IoT, configuration of a bitmap for enabling/disabling HARQ feedback “per HARQ process via UE specific RRC signaling” can be override with explicit indication by DCI based on UE capability.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Hlk117754983]Proposal 3: Explicit indication via DCI to override RRC configuration of a bitmap for enabled HARQ feedback for DL transmission per HARQ process per UE is supported if additional higher layer parameter is enabled by UE-specific RRC signalling. 

The network can enable HARQ feedback for the HARQ process if repetitions are 16 or higher as needed to close link budget. Based on analysis provided in the previous section, which showed that disabling HARQ feedback has marginal impact on peak data rates for larger repetitions. This is the simplest way to override the RRC configuration. 
[bookmark: _Hlk117762867]If “HARQ-ACK resource” field ≠ ‘0000’, the network can override RRC disabled configuration with enabled HARQ feedback for the HARQ process. In other words, if “HARQ-ACK resource” field = ‘0000’, then RRC configuration for enable/disable HARQ feedback is used. This seems reasonable way considering that if the HARQ feedback is disabled, then the “HARQ-ACK resource” field becomes redundant since HARQ feedback is not transmitted. This seems a reasonable restriction of the scheduling for transmission of HARQ feedback in case RRC configuration for enable/disable HARQ feedback is override. 
The restriction of the scheduling with “HARQ-ACK resource” field = ‘0000’ for transmission of HARQ feedback, when override RRC disabled configuration with enabled HARQ feedback for the HARQ process, could be further mitigated in case HARQ feedback is enabled if repetitions are 16 or higher. 

The impact of explicit indication by DCI with reusing existing field to the specifications could be as follows:
· If RRC configuration for HARQ process enable HARQ feedback, then legacy DCI is used for HARQ
· If repetition field indicates 16 repetitions or higher, HARQ feedback for HARQ process is enabled (for any value of “HARQ-ACK resource” field)
· If repetition field indicates fewer than 16 repetitions, and “HARQ-ACK resource” field ≠ ‘0000’, HARQ feedback for HARQ process is enabled
· If repetition field indicates fewer than 16 repetitions, and “HARQ-ACK resource” field = ‘0000’, RRC configuration for HARQ feedback for HARQ process is used
 
Hence, we make the following proposal:

Proposal 4: Explicit indication via DCI with re-interpreted fields to override RRC configuration to enable HARQ feedback for DL transmission per HARQ process 
· If “Repetition number” field is ‘0100’ or above – i.e. 16 repetitions or higher
· [bookmark: _Hlk117759572]If “HARQ-ACK resource” field ≠ ‘0000’.
Note: “HARQ-ACK resource” field = ‘0000’, then RRC configuration for enable/disable HARQ feedback is used
2.3 HARQ feedback for scheduling multiple TB
	Agreement (RAN1 109e)
For IoT NTN, further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission
· Issue A: SPS PDSCH
· Issue B: (N)PDSCH/(N)PDCCH scheduling restriction
· Issue C: HARQ feedback for scheduling multiple TB
· Issue D: HARQ bundling for eMTC HD-FDD
· Issue F: NPRACH capacity
· Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
· Other issues are not excluded
Note: The “Issues” in common for eMTC and NB-IoT can be separately discussed.



Multiple TB is one optional feature considering unicast and multicast for Rel-16 NB-IoT. There is no multi-TB HARQ feedback in SC-MTCH. There is multi-TB HARQ feedback in unicast, with consideration of HARQ ACK bundling.
If higher layer parameter sc-mtch-InfoListMultiTB-r16 is enabled and the CRC of the DCI is scrambled by G-RNTI, the Number of scheduled TB for SC-MTCH are 3 bits indicating from 1 to 8 TBs. 
If higher layer parameter npdsch-MultiTB-Config is enabled and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI, the Number of scheduled TB for Unicast is 1 bit, where value 0 indicates a single TB is scheduled and value 1 indicates multiple TB are scheduled. 
For NB-IoT, if Number of scheduled TB for Unicast is present and multiple TB are scheduled, the multi-TB (two TBs) are scheduled together without “HARQ process number” field in DCI. However, as specicfied in TS 36.213 of Section 16.4.1.5, If the UE is configured with higher layer parameter npdsch-MultiTB-Config and multiple TB are scheduled in the corresponding DCI, the HARQ process ID of 0 is for the first TB and HARQ process ID of 1 shall be assumed for the second TB, otherwise, HARQ process ID of 0 shall be assumed.
	TS 36.213 Section 16.4.1.5
If the UE is configured with higher layer parameter npdsch-MultiTB-Config and multiple TB are scheduled in the corresponding DCI, the HARQ process ID of 0 is for the first TB and HARQ process ID of 1 shall be assumed for the second TB, otherwise, HARQ process ID of 0 shall be assumed.



There are two ways to decide enabling or disabling HARQ feedback of multi-TB:
1) decide enabling or disabling HARQ feedback of multi-TB respectively on the HARQ process ID of 0 for the first TB and HARQ process ID of 1 for the second TB.
2) decide enabling or disabling HARQ feedback of multi-TB only on HARQ process ID of 0 for all TBs.

Observation 3: There are two ways to decide enabling or disabling HARQ feedback of multi-TB:
· decide enabling or disabling HARQ feedback of multi-TB respectively on the HARQ process ID of 0 for the first TB and HARQ process ID of 1 for the second TB.
· decide enabling or disabling HARQ feedback of multi-TB only on HARQ process ID of 0 for all TBs.

If way (1) is utilized, there will involve more discussion on the cases, when one TB is enabled and the other TB is disabled, and how override can be done for different TBs, and so on. While way (2) can be a better way for progress.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 5: HARQ feedback enabling/disabling for multiple TB only based on HARQ process ID of 0 for all TBs.

3 Conclusion
In this contribution, the following proposals were made
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Peak data rate reduction with enabling HARQ in NB-IoT NTN scenarios becomes lower with higher repetitions used. 
Observation 2: Working Assumption is ambiguous. Option 1 by default implies that a UE-specific RRC configuration for disabling HARQ feedback always exists. The sub-bullet that if the bitmap for Option 1 is not present contradicts first bullet that support Option 1 by default. 
Proposal 1: For NB-IoT, support at least configuration of a bitmap for enabling/disabling HARQ feedback “per HARQ process via UE specific RRC signaling” by default.

Proposal 2: For NB-IoT, configuration of a bitmap for enabling/disabling HARQ feedback “per HARQ process via UE specific RRC signaling” can be override with explicit indication by DCI based on UE capability.

Proposal 3: Explicit indication via DCI to override RRC configuration of a bitmap for enabled HARQ feedback for DL transmission per HARQ process per UE is supported if additional higher layer parameter is enabled by UE-specific RRC signalling. 
Proposal 4: Explicit indication via DCI with re-interpreted fields to override RRC configuration to enable HARQ feedback for DL transmission per HARQ process 
· If “Repetition number” field is ‘0100’ or above – i.e. 16 repetitions or higher
· If “HARQ-ACK resource” field ≠ ‘0000’.
Note: “HARQ-ACK resource” field = ‘0000’, then RRC configuration for enable/disable HARQ feedback is used
Observation 3: There are two ways to decide enabling or disabling HARQ feedback of multi-TB:
· decide enabling or disabling HARQ feedback of multi-TB respectively on the HARQ process ID of 0 for the first TB and HARQ process ID of 1 for the second TB.
· decide enabling or disabling HARQ feedback of multi-TB only on HARQ process ID of 0 for all TBs.
Proposal 5: HARQ feedback enabling/disabling for multiple TB only based on HARQ process ID of 0 for all TBs.
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5 Appendix

TS 36.213 Table 16.5.1.2-2: Transport block size (TBS) table for NPUSCH.
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024 

	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	13 
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 







TS 36.211 Table 16.4.1.3-2: Number of repetitions () for NPDSCH.
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