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Introduction
This document contains a summary of the contributions under AI 7.2.5.4 at RAN1#98. Discussions are summarized in Section 2 along with proposals.  The observations and proposals from individual contributions are listed in Section 3. References are in Section 4.
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Summary
Disabling of HARQ in NR-NTN
RAN2#105 made the following agreement:
· Retransmissions at one or several layers shall be supported for NTN and configurable by the network
· The network should be able to configure the UE whether the HARQ is “turned off”.  There is no UL feedback for DL transmission if HARQ is turned off.  FFS the impact on other procedures and how to configure
RAN2#106 made the following agreements
· If HARQ feedback is disabled, blind HARQ (re)transmissions are still possible to improve robustness.  What blind HARQ retransmissions mean will be captured in email discussion.  
· Even if HARQ feedback is disabled, the HARQ processes are still configured. 
· Enabling / disabling of HARQ feedback is a network decision.
RAN1#97 made agreement
Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.

Evaluate impact of Satellite RTT when HARQ is enabled and potential solutions if needed
· At least the following aspects should be considered if the number of HARQ processes is > 16:
· DCI size
· HARQ soft buffer size

Dynamical disabling of HARQ
In draft RAN2 [106#71] HARQ for NTN email discussion [4]. The following conclusion on dynamical disabling of HARQ will be made to RAN2#107 for approval.  
· There is no clear view if uplink HARQ feedback should be enabled / disabled dynamically by an explicit bit on Downlink Control Information signalling. Several companies questioned the benefit of dynamic signalling. Overall there is common understanding that discussion should be left to RAN1
Further, the RAN2 NTN email summary will propose for RAN2#107 approval a TP in TR 38.821 w.r.t. criteria and configuration for enabling/disabling HARQ feedback as follows
· For NTN the network could disable uplink HARQ feedback at the UE receiver e.g. to support long propagation delays. 
· Even if HARQ feedback is disabled, the HARQ processes are still configured. 
· Enabling / disabling of HARQ feedback is a network decision signalled semi-statically to the UE by RRC signalling. 
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis (agreed in RAN2#107). If configuration on a per cell and per Logical Channel basis will be supported as well will be decided during stage 3 specification. 
· The network criteria of enabling / disabling HARQ feedback are not specified. Examples for possible criteria are latency or throughput service requirements, transmission roundtrip time etc. Other criteria are not excluded.
RAN2#107 made agreements
· It should be possible to enabled / disabled HARQ feedback semi-statically by RRC signalling
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis
Several companies discussed dynamic disabling of HARQ:
· Qualcomm, Samsung, Sony, CATT, CMCC, Nokia, 
· Panasonic propose that a 1-bit flag indicates HARQ buffer usage to indicate blind retransmissions are expected and UE can keep received data in the HARQ buffer for combining even HARQ feedback is disabled.
· Huawei, Asia Pacific Telecom propose HARQ is disabled via MAC CE
· Nokia propose disabled dynamically with no impact on DCI and support blind retransmission and pre-active retransmission
· Samsung propose UE provide UEAssistanceInformation via RRC to request for HARQ disabling/enabling if the buffer for HARQ operation is full or almost full
· OPPO propose dynamic HARQ disabling for the increased number of parallel HARQ processes in the case of limited UE soft buffer
Conclusion: Taking into account the RAN2#107 agreement “It should be possible to enabled / disabled HARQ feedback semi-statically by RRC signalling”, there is no need for RAN1 to further discuss dynamic disabling of HARQ by gNB. The UE can check RRC configuration to know whether HARQ process ID in DCI has HARQ UL feedback enabled. 
[bookmark: _GoBack]Revised offline proposal:  RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following RAN2#107 decision:
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis


Transmission reliability of disabled HARQ processes
RAN2 [106#71] NTN email discussion mentioned 
· It is obvious that, disabling HARQ feedback will increase the residual Block Error Rate after HARQ since retransmissions based on HARQ feedback are not possible anymore. For robustness and to minimize the need of RLC AM retransmission, the target BLER of the first transmission should be reduced. Preferably, this should be done by reusing existing Rel.15 NR functionality. 
Several companies proposed solutions if feedback is disabled for some HARQ processes
· Ericsson, MediaTek, Panasonic propose Rel-15 NR functionality is baseline for lower BLER target. RAN1 to evaluate the effectiveness of the Rel-15 methods for achieving lower BLER target before any new methods are considered. 
· ZTE propose to partially disabling HARQ processes among the configured processes to avoid significant throughput performance loss due to MCS offset
· Huawei, CMCC  propose to study blind/HARQ-less repetitions
· Panasonic observed that Rel.15 PDCCH transmission scheme (up to 16 CCEs) can achieve a sufficient low PDCCH BLER for NTN scenario. 
· MediaTek proposed HARQ related fields in DCI formats 1_0 and 0_0 can be removed for more compact DCI if all the HARQ processes are disabled semi-statically. 
· MediaTek proposed larger slot aggregation factors 16 or 32 can be used, and also proposed DMRS time domain bundling for channel estimation is used with slot aggregation.
If RAN2 [106#71] proposal on enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis is agreed in RAN2#107, partially disabling HARQ processes among the configured processes is the working assumption
RAN2#107 made agreements on reliability of Scheduling of multiple transmissions of the same TB
· Multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. Enhancements, if any, are up to RAN1 to discuss.
· Soft combining of multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 is supported in the receiver. 
· Multiple transmissions of the same TB (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. For the uplink, this behaviour can be realised within the Rel.15 specification, minor changes on the UE procedure might be needed for the downlink transmission.
· Soft combining of multiple transmissions of the same TB by the MAC scheduler (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 is supported in the receiver.  
Conclusion: RAN1 to take into account RAN2#107 agreements on reliability of Scheduling of multiple transmissions of the same TB when considering solutions for the transmission reliability particularly in case HARQ feedback is disabled.
Possible proposal: Consider enhancements, if any, of multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15.

RLC if HARQ is disabled in NTN
In Rel.15, MAC retransmission and RLC retransmission are defined. 
· MAC HARQ retransmission for each HARQ process ID are soft combined at the receiver to improve reliability of data transmission. UL HARQ ACK/NACK feedback is sent by UE on PUCCH for each TB. 
· RLC ARQ retransmission are not soft combined at the receiver. RLC PDUs not received from the MAC layer are reported by the UE or gNB in the RLC status report. The UE transmits RLC ACK (i.e. RLC status report) on PUSCH. UE needs to obtain an UL grant if gNB does not schedule UL grant based RLC poll.
Mediatek proposed to reuse PUCCH resource for UL HARQ ACK/NACK feedback for sending the UL ACK (RLC status report) when HARQ feedback is disabled.
Huawei mentioned RLC aspects if HARQ is disabled in NTN, RLC related parameters such as the size of Rx/Tx window and the sequence number, the number of retransmission, retransmission timer are for further study.
Conclusion: RAN1 to wait for further progresses in RAN2 about RLC aspects if HARQ is disabled by gNB.
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HARQ Optimization for NR NTN
RTT Satellite propagation delay increases scheduling delay. The longer scheduling delay in NR-NTN significantly reduces max data rates for the UE. Assuming the legacy max number HARQ processes of 16 and max HARQ duration THARQ = 16 ms for DL and UL in NR, we observed the following examples:
· For bent-pipe GEO=35786 km, RTT=544 ms, the peak throughput is 2.94% (=16 ms/544 ms * 100) of NR cellular. 
· For bent-pipe LEO=600 km scenario, the peak throughput is 57% (=16 ms/28 ms * 100) of NR cellular.
To maintain similar peak data rates as in cellular, the minimum number of HARQ process, NHARQmin, will need to be increased in NTN scenarios. The minimum number of HARQ processes can be computed from RTT delay, THARQ, as

The number of HARQ processes can be up to 600 in GEO satellite deployment assuming SCS=15 kHz, and scales up by 2μ for larger subcarrier spacing (SCS), i.e., 2μ * 15 kHz. Alternatively, NHARQ can be determined as 

where RTT, Tsf, Tue, Tack, and Tnb refers to the round trip time, sub-frame duration, UE processing time, ACK/NACK transmission time, and gNB processing time, respectively as illustrated in Figure 1. Table 1 gives the number of HARQ processes required [2]
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Figure 1: Timing diagram of a single HARQ process for a NTN bent-pipe satellite 
	constellation
	Max. 
	 processes for 1 ms slot operation
	UE side feasibility

	Terrestrial
	16ms
	16
	Feasible (Rel. 15)

	LEO
	50ms
	50
	Feasible (with HARQ extension)

	MEO
	180ms
	180
	FFS (impact on TBS/MCS)

	GEO/HEO
	600ms
	600
	FFS (impact on TBS/MCS)


Table 1: , assuming a 1ms slot duration for 15 kHz* reference subcarrier-spacing
Impact on DCI with NHARQ > 16 HARQ processes
There seems to be consensus amongst contributing companies that the number of HARQ process NHARQ can be greater than 16. ZTE, CATT proposed NHARQ can be configured to be up to 256.
Offline proposal: The value of NHARQ can be configured by gNB to be up to X >=16 
· FFS values of X
Several companies made proposal on DCI HARQ process ID with re-interpreted bits when HARQ is enabled with NHARQ > 16 HARQ processes
· ZTE, MediaTek  (re-interpreted fields with increased bits)
· Qualcomm OPPO, Sony: slot number based HARQ process identification without increased bits
· Nokia (new virtual process ID)
Ericsson propose not to extend fallback DCI 0_0 and 1_0 to ensure backward compatibility.
Proposal 4:  For backward compatibility, the HARQ process ID field in fallback DCI 0_0/1_0 should not be extended to accommodate more than 16 HARQ processes 
Proposal 5: Down-select options for non-fallback DCI 0_1/1_1 when HARQ is enabled in NTN
· Option a: DCI HARQ process ID with increased size using re-interpreted bits
· Option b: slot number based HARQ process identification without increased bits
· Option c: new virtual process ID

Conclusion: RAN1 should consider the following before discuss impact on DCI 
· Value of X 
· RAN2#107 decision on enabling / disabling of HARQ feedback configurable on a per UE and per HARQ process basis. 

Impact on soft buffer size with NHARQ > 16 HARQ processes 
Smaller peak throughput in NTN: The max peak throughput in NR cellular corresponding to UE configuration with maximum bandwidth, maximum TBS, highest MCS with maximum MIMO layers and highest modulation order may not apply to a practical NTN scenario. With these limitations, the expected peak throughput in NTN is likely to be an order of magnitude smaller than in NR cellular.  
Stop-and-wait time in HARQ: As the processing time for received data is very short compared to RTT, reducing the stop-and-wait time in HARQ, the pre-active scheme can bring significant improvement on overall HARQ latency 
HARQ processes configured with / without soft combining requirements: gNB configures 2 pools of HARQ processes Pool#1 with soft combining requirement and Pool#2 without soft combining requirement. gNB schedules UE with HARQ process pool #1 to allow HARQ combining gain, and schedule UE with HARQ process pool #2 otherwise without HARQ combining gain (which may still be possible based on UE implementation).
Several companies proposed solutions to increase the number of HARQ processes without increasing the HARQ soft buffer size requirements in NTN
· Ericsson, MediaTek propose to take into account the maximum TBS sizes in NTN when deciding whether or not to increase the number of HARQ processes to avoid impact on HARQ soft buffer size
· Huawei, Samsung proposed pre-active/pre-emptive HARQ to reduce stop-and-wait time for lower HARQ latency
· Asia Pacific Telecom proposes bit dropping rules if overbooking of HARQ processes is allowed in NTN
· MediaTek proposed HARQ processes can be configured with soft combining requirement, and additional HARQ processes can be configured with no soft combining requirement. RV cycling is disabled with RV fixed to RV0, or enabled only with the cycling over ‘RV0 and RV3’ only in case of no soft combining requirement.
· Intel: HARQ buffer status report from the UE can be reported to gNB

Conclusion: RAN1 should consider the following before discuss impact on soft buffer size 
· Value of X 
· RAN2#107 decision on enabling / disabling of HARQ feedback configurable on a per UE and per HARQ process basis. 
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Appendix: Proposals in the RAN1#98 AI 7.2.5.4 TDocs
Proposals on Disabling of HARQ in NR-NTN
	Source
	Related Proposals & Observations

	Ericsson
	· Proposal 1.  RAN1 to wait for further progresses in RAN2 about dynamic disabling of HARQ by gNB.
· Proposal 2: If the feedback is disabled for some HARQ processes but not for the others, different transmission configurations should be applied.
· Proposal 3: The existing Rel-15 NR functionality should be used as the baseline for achieving lower BLER target. RAN1 to evaluate the effectiveness of the Rel-15 methods for achieving lower BLER target before any new methods are considered.

	Huawei
	· Observation 3: Dynamic HARQ configuration with DCI provides high flexibility at expense of a relatively high signaling overhead and potential compatibility issues.
· Proposal 2: Dynamic HARQ disabling/enabling via MAC CE can be considered for NTN.
· Proposal 3: Repetition can be considered as an enhancement for data transmission when HARQ is disabled.
· Proposal 4: Reusing redundant bits in DCI for indicating repetition-related parameters shall be considered.
· Proposal 5: The challenges to the RLC should not be neglected if HARQ is disabled in NTN.

	Nokia
	· Proposal 1: Dynamic HARQ disabling should be supported.  
· Proposal 2: Dynamic signaling should support multi-level retransmission schemes with low-bit size as well as no impact on DCI. 

	ZTE
	· Observation 1: Significant performance loss will occurs in case of combination of HARQ disabling and latency reduction in NTN system.
· Proposal 3: Partially disabling HARQ processes among the configured processes can be considered for NTN.

	Samsung
	· Proposal 1: Dynamic enabling/disabling of HARQ in an implicit manner should be studied.
· Proposal 2: UE assisted HARQ enabling/disabling should be studied for NTN.

	Qualcomm
	· Proposal 1: For NTN, support cell-specific configuration of HARQ on and off.
· Proposal 2: For NTN, support configuration of HARQ on and off for configured grants.
· Proposal 3: For NTN, support dynamic HARQ on and off.

	Intel
	· Observation 1: DCI format may be modified by removing the DCI fields for the case there HARQ is disabled via RRC
· The following fields can be removed: Redundancy version, PDSCH-to-HARQ_feedback timing indicator, PUCCH resource indicator, Downlink Assignment Index.
· It is not clear if HARQ process ID indication in the DCI is still needed
· Observation 3: Dynamic HARQ disabling/enabling can be used to improve the efficiency of HARQ operation in the case of limited UE soft buffer
· Observation 3: Dynamic HARQ disabling/enabling can be used to improve the efficiency of HARQ operation in the case of limited UE soft buffer
· Proposal 1: Study the following features for NTN
· New DCI format for HARQ disabled via RRC
· Support of increased number of parallel HARQ processes with the same number of bits for indication of HARQ process ID in DCI
· Dynamic HARQ disabling for the increased number of parallel HARQ processes

	MediaTek
	Semi-Static disabling of HARQ:
· Proposal #1: Semi-Static disabling of HARQ can be done by setting a new RRC 1-bit field ntnHARQdisabled flag to indicate HARQ is disabled via
· Common signalling broadcast in System Information Block
· Dedicated signalling Dedicated Information Element
Dynamical disabling of HARQ by gNB
· Proposal#2: Dynamically disabling of HARQ for NR-NTN should not be supported.
Compact DCI in NR-NTN when HARQ is disabled:
· Proposal #3: When HARQ is disabled in NR-NTN, HARQ related fields in DCI formats 1_0 and 0_0 can be removed
Blind HARQ (re)transmissions when HARQ feedback is disabled
· Proposal #4: Larger slot aggregation factors 16 or 32 can be used when HARQ feedback is disabled
DMRS time domain bundling for slot aggregation
· Observation #8: The use of cross slot channel estimation in slot aggregation allows to improve coverage and robustness of NTN communication.
· Proposal #12: Support of DMRS time domain bundling for slot aggregation.
RLC ACK on PUCCH:
· Observation 1: RLC ACK is the RLC status report that is transmitted by the RLC layer. 
· Observation 2: RLC ACK transmitted in PUCCH resource is not linked to HARQ process
· Proposal #5: Study enhancements of RLC Acknowledge Mode for re-transmission at RLC layer.

	Sony
	· Observation 1: If HARQ is disabled for the PDSCH carrying semi-persistent resource activation/deactivation command, it will cause continuous error if the PDSCH carrying the commands is not detected or is decoded in error.
· Proposal 1: Dynamic HARQ disabling via DCI signaling should be supported. The following options should be studied:
· Option 1: Additional field in DCI to inidcate HARQ disabling
· Option 2: Reuse existing DCI field to indicate HARQ disabling
· Option 2_1: Specific HARQ process ID to indicate HARQ disabling
· Option 2_2: Specific PDSCH-to-HARQ_feedback timing indicator state to indicate HARQ disabling
· Proposal 2: When HARQ-ACK is disabled for the PDSCH carrying the MAC CE of beam activation/deactivation command:
· If the UE received a MAC CE of beam activation/deactivation command for PUCCH/PDCCH at slot n, the UE applies the activation/deactivation command at slot n+m, FFS the value of slot number [m].
· If the UE received a MAC CE of beam activation/deactivation command for PDSCH at slot n, the UE applies the indicated mapping between beams and the codepoints of the DCI field at slot n+m, FFS the value of slot number [m].

	Panasonic
	· Proposal 1: “HARQ-feedback enable/disable” should be used instead of “HARQ enable/disable” as feedback and soft combining are separate aspects considering blind retransmissions. 
· Proposal 2: dynamic HARQ-feedback enable/disable should be supported.
· Proposal 3: A flag in DCI to recommend HARQ buffer usage should be supported.
· Proposal 4: both blind retransmission with and without configuring pdsch-AggregationFactor should be considered.
· Observation 1: Rel.15 PDCCH transmission scheme (up to 16 CCEs) can achieve a sufficient low PDCCH BLER for NTN scenario.

	CATT
	· Proposal 1: Dynamic DCI configurtion with specific HARQ process ID to deactivate HARQ retransmission in NTN is supported.   

	CMCC
	· Proposal 1: Dynamic HARQ disabling via DCI is supported.
· Proposal 2: The multiple transmissions of same TBs in multiple in-consecutive slots can be considered when HARQ is disabled. And at least the following aspects should be included for the configuration: 
· Repetition number 
· The slot interval of repetition slots

	Asia Pacific Telecom
	· Observation 1: For the disabling on a per UE basis, it is NOT possible to have dynamic HARQ feedback less scheduling on a per assignment basis.
· Proposal 1: The dynamic disabling of HARQ feedback shall be supported by using L1 signalling or MAC layer indication.




Proposals on HARQ Optimization for NR NTN

	Source
	Related Proposals & Observations

	Ericsson
	· Observation 1: Satellite RTT may result in throughput loss when HARQ is enabled and the number of HARQ processes is not sufficient to absorb the RTT.
· Observation 2: Enabling HARQ is beneficial for providing reliability and coverage and is desirable for signalling and for short transmissions where coverage may be of higher importance than data rates.
· Observation 3: For backward compatibility, the HARQ process ID field in fallback DCI 0_0/1_0 should not be extended to accommodate more than 16 HARQ processes.
· Observation 4: Non-fallback DCI is generally configurable and thus there is a possibility to extend the DCI to support more than 16 HARQ processes.
· Observation 5: Soft buffer size may not necessarily have a linear relationship to the number of HARQ processes. Details of soft buffer dimensioning are up to UE implementation.
· Observation 6: The theoretical highest throughput that an NR UE can support, which typically corresponds to the configuration involving the largest bandwidth, maximum resource allocation, highest MCS with maximum MIMO layers, may not be applicable to NTN.
· Observation 7: The maximum TBS sizes in NTN scenarios are 5-20 times smaller when compared to the corresponding TBSLBRM for a given number of scheduled PRBs.
· Proposal 4: Take into account the small maximum TBS sizes associated with NTN scenarios when deciding whether or not to increase the number of HARQ processes.

	Huawei
	· Observation 2: The pre-active scheme can improve overall HARQ latency in NTN with multiple retransmission.
· Proposal 1:  The pre-active scheme can be considered for HARQ enhancement in NTN.

	Nokia
	· Proposal 3: The HARQ process number can be extended and configured. Signaling overhead reduction solutions on HARQ process ID should be studied if the HARQ process number is extended.
· Proposal 4: HARQ virtual process number can be introduced to reduce the HARQ process number with the restricting the timing of asynchronous HARQ transmissions.

	ZTE
	· Observation 1: Performance gain with enabled HARQ process can be achieved in NTN system.
· Proposal 1: Enhanced indication of HARQ process number up to 256 can be the baseline for study.
· Proposal 2: Re-interpretation of bits in DCI can be considered to support the HARQ indication with maximum supported number larger than 16.

	Qualcomm
	· Proposal 4: For NTN, UE reports the capability on the number of HARQ processes.
· Proposal 5: For NTN, more than 16 HARQ processes can be configured.
· Proposal 6: For NTN, support slot number based HARQ process identification.

	Intel
	· Observation 2: Larger number of parallel HARQ processes can be supported without increased number of DCI bits for HARQ process ID indication 

	MediaTek
	Impact on DCI of number of HARQ processes larger than 16
· Proposal #6: Support configurable number of HARQ processes higher than 16 for DL/UL satellite deployments.
· Proposal #7: DCI HARQ process ID field number of bits should scale with the configured number of HARQ processes.
Increasing the number of HARQ processes with soft combining enabled
· Observation 3: due to limited peak throughput in NR-NTN, eMBB capable UEs can support larger number of HARQ processes with soft combining enabled
· Proposal #8: Support increasing number of HARQ processes with soft combining enabled
· Proposal #9: Support scaling the number of HARQ processes with soft combining enabled with maximum #RB and #layers
Support of HARQ processes with no soft combining requirement
· Observation #4: For very large RTD, support of HARQ processes with no soft combining requirement can be considered to avoid increasing the soft buffer size 
· Observation #5: It is up to UE implementation to support larger number of HARQ processes with soft combining than what is required. 
· Proposal #10: In addition to HARQ processes with soft combining requirements, additional HARQ processes with no soft combining requirement can be supported
· Observation #6: retransmissions which are not self-decodable do not improve performance if soft combining is not applied by the UE side. 
· Observation #7: when soft combining required is applied, RV0 followed by RV3 are preferred for self-decodability.
· Proposal #11: When slot aggregation is used with HARQ processes with no soft combining requirements, RV cycling should be disabled with RV fixed to RV0, or enabled only with the cycling over ‘RV0 and RV3’ only.

	OPPO
	· Proposal1: NTN should support fixed 16 HARQ processes. The HARQ process ID field size in DCI is kept
· Proposal 2: In NTN HARQ, the k1 and k2 should be dynamically indicated by the scheduling DCI based on a common offset value.
· The common offset value can be derived by the minimum TA of the network.
· Dynamically ranges of k1 and k2 should be extended from Rel-15 configuration to support up to 32ms RTT range of NTN.
· Proposal3: NTN introduces higher UE capability with more than 16 HARQ processes.  The process ID will be jointly decided by process ID and slot number.
· Proposal4: NTN supports PDSCH/PUSCH bundling to fully utilize schedulable slots.
· Proposal5: Configured grant should be supported for both HARQ and non-HARQ transmission.

	Sony
	· Proposal 3: The 4-bit HARQ process field in DCI should remain unchanged.
· Proposal 4: Support more than 16 HARQ process number in NTN for high capability UEs.

	Panasonic
	· Proposal 4: both blind retransmission with and without configuring pdsch-AggregationFactor should be considered.
· Observation 1: Rel.15 PDCCH transmission scheme (up to 16 CCEs) can achieve a sufficient low PDCCH BLER for NTN scenario.

	CATT
	· Proposal 2: Support configurable HARQ process number, but not more than 256 taking into account the memory size and DCI overhead.     

	Asia Pacific Telecom
	· Proposal 2: A configurable number of HARQ processes shall be considered.
· HARQ process overbooking shall be considered.
· Bit dropping rules for HARQ soft buffer management shall be considered.
· Changes on the UE procedure shall be considered to support multiple transmissions of the same TB via NDI toggling.
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