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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#94 plenary meeting, an enhancement work item for Rel.18 IoT NTN was approved. One of the objectives is to specify the following HARQ enhancements to IoT NTN.

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 [RAN1]
The following agreements on disabling of HARQ feedback for IoT NTN were achieved:
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 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.
In this contribution, detailed considerations of potential enhancement for IoT NTN, especially HARQ disabling enhancement are presented.

2. Discussion
2.1 Indication/configuration of disabling HARQ feedback in IoT NTN
In NR NTN, the disabling HARQ feedback for downlink transmission is semi-static configured in RRC signaling. The configuration is indicated per HARQ process number by bitmap manner, e.g., 32bit bitmap for configured HARQ process number of 32. 
 (
downlinkHARQ-FeedbackDisabled
Used to disable the DL HARQ feedback, sent in the uplink, per HARQ process ID. The first/leftmost bit corresponds to HARQ process ID 0, the next bit to HARQ process ID 1 and so on. Bits corresponding to HARQ process IDs that are not configured shall be ignored. The bit(s) set to one identify HARQ processes with disabled DL HARQ feedback and the bit(s) set to zero identify HARQ processes with enabled DL HARQ feedback.
)
For the indication and configuration of disabling HARQ feedback for IoT NTN, NR NTN configuration is assumed to be the baseline solution. In previous RAN1 meeting, the following working assumption have been agreed.
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 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.
The pseudocode for configuration of NBIoT and eMTC CE Mode B is illustrated in the following table
 (
IF 
downlinkHARQ-FeedbackDisabled 
is configured
HARQ enabled/disabled is determined by
 
downlinkHARQ-FeedbackDisabled
IF
 
d
l
HARQ-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
)
For eMTC CE Mode A, up to 14 HARQ process is supported, HARQ bundling for CE mode A HD-FDD and scheduling multiple TB are introduced in Rel.14 and Rel.16 respectively. To support the HARQ disabling for downlink transmission, it is preferred to adopt the RRC signaling to configure the disabling HARQ feedback instead of indication via DCI (e.g., it is not easy to indicate HARQ enabling/disabling per HARQ process with limited DCI size for HARQ bundling and scheduling multiple TB scenarios or with implicit way to affect the scheduling flexibility).
For eMTC CE Mode B and NBIoT, for the single HARQ process and two HARQ processes, if HARQ process enabling/disabling via RRC signaling is configured with bit map manner for each HARQ process, it is possible for eNB to update/override the configuration of the HARQ enabling/disabling for a particular transmission, especially for single HARQ process, DCI based solution can be additional supported to address the concern of RRC reconfiguration signaling overhead and MAC CE activation issues, and if HARQ process enabling/disabling via RRC signaling is not configured, it is straightforward to indicate the HARQ enabling/disabling for scheduled HARQ process by DCI.
Regarding the DCI-based overridden mechanism 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, it is better to leave more flexibility for gNB to update the HARQ enabling/disabling configuration for corresponding transmission for both types HARQ enabled and disabled processes if additional signaling enabled. Furthermore, if DCI-based overridden mechanism applied to both semi-statically HARQ enabled and disabled processes, it is easier to align the DCI based solution for override mechanism and DCI based solution for explicit HARQ enabling/disabling indication if RRC based HARQ enabling/disabling is not configured.
Regarding the DCI-based solution to override RRC based configuration for corresponding transmission for multiple TBs scheduled by single DCI, considering the DCI overhead for overridden indication, it is preferred that the overridden indication in DCI is adopted to all scheduled HARQ processes. Furthermore, for the DCI-based solution to direct indication of HARQ enabling/disabling if RRC based default HARQ enabling/disabling is not configured, the indication of HARQ enabling/disabling is also adopted to all scheduled HARQ processes.
Regarding the Option 3 DCI based indication, the following potential indication methods were discussed from several companies. In order to save the DCI size and align the design of RRC configuration with additional DCI overridden/indication and without additional DCI overridden/indication, Alt 2 that reusing/reinterpreting existing field in DCI is a good choice, e.g., reusing one state of HARQ ACK/NACK resource field or reinterpreting other spare states of field to indicate HARQ enabling/disabling or override the HARQ enabling/disabling configuration for corresponding transmission.
· Alt 1: Explicit indication in DCI
· Alt 2: Reuse/reinterpret existing field in DCI

Note it was agreed that three independent solutions were supported for HARQ enabling/disabling for downlink transmission: 
· Solution A: per HARQ process via UE specific RRC signaling
· Solution B: per HARQ process via UE specific RRC signaling and DCI overriding the corresponding transmission
· Solution C: DCI indication HARQ enabling/disabling

That is both the Option 1 RRC based solution and Option 3 DCI based solution can be supported individually. To avoid any misunderstanding of the solutions, the working assumption should be agreed with the following update. 
Proposal 1: 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 by default, and support Option 3 to override default Option 1 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 Option 1 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.
Proposal 2: DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes.
Proposal 3: Indication to override RRC based configuration for corresponding transmission for multiple TBs scheduled by single DCI is adopted to all scheduled HARQ processes.
Proposal 4: Indication of HARQ enabling/disabling for multiple TBs scheduled by single DCI is adopted to all scheduled HARQ processes.
Proposal 5: For DCI based indication, reusing/reinterpreting existing fields in DCI can be supported.
2.2 (N)PDSCH/(N)PDCCH scheduling restriction
In NR NTN, additional gap is considered to avoid the continuous reception of PDSCH with same HARQ process at UE side as specified in TS38.214. 
For IoT NTN DL HARQ process with disabled HARQ feedback, (N)PDCCH/(N)PDSCH scheduling restriction should be imposed to allow enough time for UE decoding processing considering the UE complexity and power saving. 
· For NBIoT UE, it was agreed that UE is not required to monitor NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH to align the legacy behavior that UE is not required to monitor NPDCCH and decode NPDSCH simultaneously.
· For eMTC UE support more than one DL HARQ processes, after reception PDSCH with HARQ process disabled, UE needs to keep monitoring PDCCH for new PDSCH with another HARQ process(es). However, the restriction is imposed to PDSCH scheduling for the same HARQ process similar as NR NTN. An PDSCH scheduling gap should be inserted that UE is not expected to receive another PDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding PDCCH for the given HARQ process that starts until X after the end of the reception of the last PDSCH for that HARQ process. X is determined by the PDSCH decoding processing time, e.g., X=3.

Proposal 6: For eMTC NTN DL HARQ process with disabled HARQ feedback, UE is not expected to receive another PDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding PDCCH 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. 

2.3 SPS PDSCH
Since SPS is only supported in CE mode A and the corresponding SPS period can be configured from 10ms to 640ms. While the reference value of RTT for LEO and GEO are 25.77ms and 541.46ms respectively. The HARQ stalling issue is not obvious in LEO scenario but do exist in GEO scenarios. Based on that, it is beneficial to configure HARQ disabling at least for GEO scenarios in eMTC. 
SPS PDSCH is configured for semi-persistent services by RRC signaling, the determination of HARQ process number is related to the subframe index and supported HARQ process number for eMTC. The per HARQ process disabling configuration for IoT NTN is still valid for the SPS PDSCH transmission with proper network implementation. Configuration of HARQ enabling/disabling per HARQ process can also apply to SPS PDSCH.
Proposal 7: Configuration of HARQ enabling/disabling per HARQ process can also apply to SPS PDSCH.
Regarding the impacts for HARQ disabling on SPS activation, the feedback for the first SPS PDSCH is critical to ensure the common understanding between gNB and UE. Follow NR NTN solution, ACK/NACK is reported by UE for the first SPS PDSCH based on the decoding result regardless of network configuration of enabled/disabled for this HARQ process if additional signal indicated. For other SPS PDSCH transmission, the ACK/NACK feedback or not is determined by the HARQ process number and corresponding HARQ enabling/disabling configuration. For DCI indicating SPS PDSCH release, HARQ-ACK report is as legacy.
Note that only uplink SPS (e.g., SPS for BSR) with only single HARQ process is supported in NB-IoT, so there is no SPS PDSCH HARQ disabling issue for NB-IoT.
 (
TS36.321 Section 5.3.1
For configured downlink assignments, the HARQ Process ID associated with this TTI is derived from the following equation:
-
if the TTI is a subframe TTI:
-
HARQ Process ID = [
floor(
CURRENT_TTI/
semiPersistSchedIntervalDL
)] modulo 
numberOfConfSPS-Processes
,
where CURRENT_TTI
=[
(SFN * 10) + subframe number].
-
else:
-
HARQ Process ID = [
floor(
C
URRENT_TTI/semiPersistSchedIntervalDL-sTTI
)] modulo 
numberOfConfSPS-Processes-sTTI
,
where CURRENT_TTI = [(SFN * 10 * sTTI_Number_Per_Subframe) + subframe number * sTTI_Number_Per_Subframe + sTTI_number]. Refer to 5.10.1 for sTTI_Number_Per_Subframe and sTTI_number.
For BL UEs or UEs in enhanced coverage, CURRENT_TTI refers to the TTI 
where first transmission of repetition bundle takes place.
TS36.213 Section 9.2
Table 9.2-1B: Special fields for Semi-Persistent Scheduling Activation MPDCCH Validation
DCI format 6-0A
DCI format 6-1A
HARQ process number
set to '000'
Set to all '0's
Redundancy version
set to '00'
set to '00'
TPC command for scheduled PUSCH
set to '00'
N/A
TPC command for scheduled PUCCH
N/A
set to '00'
)
Proposal 8: For SPS PDSCH, ACK/NACK is reported by UE for the first SPS PDSCH regardless of network configuration of enabled/disabled for this HARQ process if additional signal indicated.

2.4 HARQ bundling for HD-FDD
HARQ bundling is introduced in Rel.14 eMTC for H-FDD for peak data rate increase and HARQ bundle is ACK/NACK feedback bundle for different HARQ process as shown in Figure 1. If disabling HARQ feedback is configured, the UE behavior for the HARQ feedback and corresponding DCI fields for the disabling HARQ process need further study. In last RAN1 meeting, the following aspects were discussed.
· 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)
If Option 1 is adopted, as analysis by FLS[3], the HARQ stalling hole can’t be filled due to no available HARQ process, and it is equivalent that HARQ disabling feature is not supported in HARQ bundling. Otherwise, the corresponding HARQ bundling size restriction should be removed for HARQ disabling case, which may lead to large standard effort.
If Option 2 is adopted, as mentioned by some companies, the HARQ bundling only includes the bundling of HARQ enabled process as legacy TS36.213 (e.g., since there is no HARQ-ACK provided for disabling HARQ process, there is no HARQ feedback subframe determination in section 10.2 and no corresponding HARQ bundling in section 7.3.1), and DCI field in DCI format 6-1A HARQ-ACK resource offset, Transport blocks in a bundle, HARQ-ACK bundling flag, HARQ-ACK delay, PDSCH scheduling delay and HARQ-ACK delay for 14 HARQ, etc may be reserved or predefined similar as DCI design for NR NTN HARQ codebook Type II. There is little standard effort for this option, which can be implemented with a conclusion that 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 as HARQ disabling by RRC signaling.

 (
T
S
36.213 h20
10.2
Uplink HARQ-ACK timing
[……]
For FDD, a BL/CE UE shall upon detection of a PDSCH intended for the UE
 and 
for which an HARQ-ACK shall be provided
, 
transmit the HARQ-ACK response
 using the same 
 derived according to Clause 10.1.2.1
 
in subframe(s) 
n+k
i
 with 
i =0,1, …, N-1
, where
-
subframe 
n-k
-
K
offset
 is the last subframe in which the PDSCH is transmitted
, 
where
-
if the UE is in half-duplex FDD operation 
and is not configured with 
higher layer parameter 
ce-PDSCH-14HARQ-Config
 and is configured with CEModeA and higher layer parameter 
ce-HARQ-AckBundling
 and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1, or if the UE is configured with higher layer parameter 
ce-SchedulingEnhancement
-
 is given by the 'HARQ-ACK delay' field in the corresponding DCI, and the HARQ-ACK delay value 
 is determined based on the higher layer parameters according to Table 7.3.1-
2;
-
if the UE is in half-duplex FDD operation
 and is configured with 
higher layer parameter 
ce-PDSCH-14HARQ-Config
 and is configured with CEModeA, 
and 
'
PDSCH scheduling delay and HARQ-ACK delay for 
14 HARQ
' field is present in the corresponding DCI,
-
 is given by the HARQ-ACK delay value 
as defined in [4],
 in the corresponding DCI,
-
otherwise
-
[….]
)
 (
T
S
36.213 h20
7.3.1
FDD HARQ-ACK reporting procedure
[….]
For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter 
ce-HARQ-AckBundling 
and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1,
-
for HARQ-ACK transmission in subframe 
n
, 
the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs
 
across all 
 BL/CE DL subframes 
for which subframe 
n
 is the 'HARQ-ACK transmission subframe'. 
-
if subframe 
n-k
1
 is the most recent subframe for which 
subframe 
n
 is the 'HARQ-ACK transmission subframe', and if 
the '
T
ransport blocks in a bundle' field in the 
corresponding DCI for PDSCH transmission in subframe 
n-k
1
 indicates 
a 
number of
 transport blocks in a bundle
 other than 
, the UE shall generate a NACK for HARQ-ACK transmission in subframe 
n
.
 
[…..]
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Figure 1 Rel.14 CE mode A HARQ-ACK bundling
Proposal 9: For eMTC HARQ-ACK bundling and disabling HARQ feedback configured, the UE behavior for the HARQ feedback and corresponding DCI fields for the disabling HARQ process need further study.
2.5 Multiple TB scheduling
Multiple TB scheduling is introduced in Rel.16 eMTC and NBIoT for peak data rate increase. With single DCI, multiple TBs are scheduled with interleaved or non-interleaved manner and corresponding feedback for each TB is performed after the data transmission with HARQ bundling or non-bundling manner. If disabling HARQ feedback is configured, the UE behavior, HARQ timing relationship and corresponding DCI field for the disabling HARQ process need further study. 
[image: ]
Figure 2 Multiple TB scheduling (HARQ process #1#3#5#7 configured as HARQ disabling)
Proposal 10: For multiple TB scheduling and disabling HARQ feedback configured, the UE behavior for the HARQ feedback and corresponding DCI fields for the disabling HARQ process need further study.

3. Conclusions
In this contribution, considerations of HARQ enhancement for IoT NTN are provided. The following proposals are 
Proposal 1: 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 by default, and support Option 3 to override default Option 1 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 Option 1 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.
Proposal 2: DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes.
Proposal 3: Indication to override RRC based default configuration for corresponding transmission for multiple TBs scheduled by single DCI is adopted to all scheduled HARQ processes.
Proposal 4: Indication of HARQ enabling/disabling for multiple TBs scheduled by single DCI is adopted to all scheduled HARQ processes.
Proposal 5: For DCI based indication, reusing/reinterpreting existing field in DCI can be supported.
Proposal 6: For eMTC NTN DL HARQ process with disabled HARQ feedback, UE is not expected to receive another PDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding PDCCH 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. 
Proposal 7: Configuration of HARQ enabling/disabling per HARQ process can also apply to SPS PDSCH.
Proposal 8: For SPS PDSCH, ACK/NACK is reported by UE for the first SPS PDSCH regardless of network configuration of enabled/disabled for this HARQ process if additional signal indicated.
Proposal 9: For eMTC HARQ-ACK bundling and disabling HARQ feedback configured, the UE behavior for the HARQ feedback and corresponding DCI fields for the disabling HARQ process need further study.
Proposal 10: For multiple TB scheduling and disabling HARQ feedback configured, the UE behavior for the HARQ feedback and corresponding DCI fields for the disabling HARQ process need further study.
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