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Summary
Disabling of HARQ in NR-NTN
Dynamical disabling of HARQ
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
RAN1#97 made agreement
· Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.
RAN1#98 made the following conclusion
· RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 decision stating the following
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis

The RAN2#107 agreements allow dynamical enabling or disabling of HARQ to be realised by the MAC layer by scheduling packets with DCI indicating a HARQ process ID from the subset with HARQ feedback enabled or from the subset with HARQ feedback disabled. RAN1#98 concluded that there is no need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 agreement.
Proposal 1: 
Include the following TP in Section 6.4 of 38.821:
Dynamical enabling or disabling of HARQ feedback is realised by the MAC layer by scheduling packets with DCI indicating a HARQ process ID from the subset of HARQ processes with HARQ feedback enabled or from the subset of HARQ processes with HARQ feedback disabled.
Ericsson, CATT, Asia Pacific Telecom, MediaTek, Sony, Nokia, Qualcomm, ETRI raised issues that when all HARQ processes are configured with UL HARQ feedback disabled the MAC CE and RRC signalling may not be received by UE, DL packets may not be received for a long period of time without gNB knowing it. Three solutions considered:
· Ericsson, CATT, Asia Pacific Telecom, Mediatek propose at least one HARQ process is configured with UL HARQ feedback when HARQ is disabled
· Sony, Nokia propose to indicate HARQ disabling via DCI in new field / re-interpreted field
· Qualcomm, ETRI propose new UCI feedback for reporting DL transmission disruption and or requesting DL scheduling changes

Sony propose new timeline for MAC CE carrying beam activation/deactivation command when HARQ is disabled
Huawei propose a MAC-CE is used to change the number of enabled/disabled HARQ processes.
The network can support at least one HARQ process is configured with UL HARQ feedback when HARQ is disabled without any additional specification required. 
Proposal 2:
Include the following TP in Section 6.4 of 38.821:
The network can support at least one HARQ process configured with UL HARQ feedback when HARQ is disabled without any additional specification required to mitigate incidence of  (i) MAC CE and RRC signalling not received by UE, or (ii) DL packets not correctly received by UE for a long period of time without gNB knowing it.

Offline consensus: Proposal 3: 
Include the following TP in Section 6.4 of 38.821:
The following were discussed without convergence on the necessity of introducing such solutions for NTN when UL HARQ feedback is disabled
· Indicate HARQ disabling via DCI in new field / re-interpreted field [R1-1912349]
· New UCI feedback for reporting DL transmission disruption and or requesting DL scheduling changes [R1-1912957, R1-1912641]

	Company
	Comments and Views

	Nomor Research GmbH 
	Nomor supports:  
Proposed text to be included in TP to 38.821 section 6.4: Dynamic disabling of HARQ by gNB via DCI signalling was discussed and will not be supported.
Concerning the problem that MAC CE and RRC signalling are not received by UE, Nomor Research support the following solution: 
· Ericsson, CATT, Asia Pacific Telecom, Mediatek propose at least one HARQ process is configured with UL HARQ feedback when HARQ is disabled
There seems the majority of companies supporting this proposal, so my proposal is to agree on  
· At least one HARQ process is configured with UL HARQ feedback when HARQ is disabled
And to excluded the other alternatives
· Indicate HARQ disabling via DCI in new field / re-interpreted field
· New UCI feedback for reporting DL transmission disruption and or requesting DL scheduling changes
We don’t think new MAC CEs should be introduced e.g. as suggested by Huawei to enabled/disabled HARQ processes. In our view it is a RAN2 issue and RAN2 decided about semi-static configuration via RRC. 

	Nokia
	We agree with Proposal 2. 
Existing DCI fields (with a new interpretation) can also be used to enable/disable HARQ feedback for one transport block without changing RRC-configured HARQ processes. For example, feedback may be requested by gNB for one TB on a HARQ disabled process.

	Sony 
	We agree with Proposal 2 with following modification:
The network can support at least one HARQ process configured with UL HARQ feedback when HARQ is disabled without any additional specification required to mitigate incidence of  (i) MAC CE and RRC signalling not received by UE, or (ii) DL packets not (correctly) received by UE for a long period of time without gNB knowing it 
Proposal 1 is not necessary as there is only one relevant conclusion that RAN1 stopped discussion on dynamic HARQ disabling following RAN2’s agreements. It is our understanding of RAN1’s conclusion that no further signalling design is needed in RAN1 to change the RRC configured HARQ ack/nack disabling.  In that sense, it is reasonable to merely capture RAN2 agreements in the TR. 


	Ericsson
	On Proposal 1, we have a similar comment as Sony.  The current version of Proposal 1 sounds like dynamic disabling of HARQ via DCI is not supported at all.  This is a bit misleading.  Perhaps what we should include in the TR is the following sentence ‘Dynamical enabling or disabling of HARQ feedback is realised by the MAC layer by scheduling packets with DCI indicating a HARQ process ID from the subset of HARQ processes with HARQ feedback enabled or from the subset of HARQ processes with HARQ feedback disabled.’
We support Proposal 2.
We are ok to capture the TP in Proposal 3.

	ETRI
	We agree with new UL feedback in proposal 3 with the following modification (the phrase change from "UCI feedback" into "UL feedback via UCI/MAC-CE/RRC").
RAN2 have already decided the support of HARQ feedback enabling/disabling per UE. However, proposal 2 makes HARQ feedback of at least 1 HARQ process remain enabled, even though HARQ feedback is turned off per UE. It seems that the disabling of the HARQ feedback per UE might be not supported with proposal 2.
In our view, new UL feedback in proposal 3 might be a solution if HARQ feedback is disabled per UE. In addition, the feedback options via MAC-CE/RRC might be helpful for minimizing specification impacts.




Transmission reliability of disabled HARQ processes
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.  
Several companies in RAN1 considered ways to improve reliability of transmission when HARQ is disabled.
· Ericsson propose that transmission parameters for HARQ processes with feedback enabled/disabled can be configured differently with Rel-15 NR functionality used as the baseline to achieve lower BLER target. 
· Several companies propose enhancements for slot-aggregation or blind repetitions
· Greater 8 slot-aggregation: MediaTek
· Time-interleaved slot aggregation: CATT
· Dynamically configurable slot aggregation: Nokia
· DCI indication of repetition-related parameters: Huawei, CMCC
· New MCS table: Samsung 
Samsung, Intel, CMCC propose to remove HARQ parameters from DCI when HARQ is disabled via RRC. If at least on HARQ process is configured with UL HARQ feedback, compact DCI without HARQ related parameters cannot be used. OPPO mentioned DCI Format 0_0 and 1_0 should not be changed. Further, though UL HARQ feedback may be disabled, indication of HARQ parameters in DCI may allow soft combining by UE depending on soft buffer management implementation.
Proposal 4: 
Include the following TP in Section 6.4 of 38.821:
The transmission parameters for HARQ processes with feedback enabled/disabled can be configured differently with Rel-15 NR functionality used as the baseline to achieve lower BLER target.
It was not shown via simulations that NR Rel.15 functionality is not sufficient to achieve BLER targets of 1% for disabled HARQ processes. There were many options discussed without consensus on the type of solutions that will require normative work in NR NTN..
Offline consensus: Proposal 5: 
Include the following TP in Section 6.4 of 38.821:
The following possible enhancements for slot-aggregation or blind repetitions were considered. There is no convergence on the necessity of introducing such enhancements forNTN.. 
· Greater than 8 slot-aggregation [R1-1912125]
· Time-interleaved slot aggregation [R1-1912166]
· New MCS table [R1-1912471]

	Company
	Comments and Views

	Nomor Research GmbH
	Nomor supports both text proposals. 
Comment: In general, we would like to limit discussion on suggested enhancements in proposal 5 until we really know that there is a problem. Therefore, we request system simulations to be performed to show that NR Rel.15 functionality is not sufficient to achieve BLER targets of 1% for disabled HARQ processes. We will support such effort with our system simulations during the WI phase. 

	Nokia
	Using lower MCS or blink retransmission may achieve low BLER at the cost of lower spectral efficiency, compared to HARQ. In a power-limited scenario, e.g., UL transmission by handheld devices, even the lowest MCS may be unable to reach the desired BLER target. In that case, blind retransmission needs to be used if HARQ is disabled. More efficient retransmission is desirable for improving latency, spectral efficiency, and power consumption in NTN scenarios. We support keeping the enhancement options open for the WI phase.

	Sony
	We share similar view with Nokia, we support keeping the enhancement options open for the WI phase.

	Ericsson
	We support Proposal 4.
Regarding Proposal 5, dynamically indicating the number of repetitions via DCI (using the TDRA field) is already agreed in Rel-16 eURLLC/eMIMO work items.  So this will be supported in Rel-16 and we can remove it.  
Dynamically configurable slot aggregation is also not needed, as number of repetitions is now indicating using TDRA field.  So no need to include this as well.  We are fine with Proposal 5 if these two options are removed.



HARQ Optimization for NR NTN
RAN1#97 made agreements
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

One solution to avoid reduction in data rates in NTN when UL HARQ feedback is enabled via configuration was considered in TR 38.821. This potential solution consists of increasing the number of HARQ processes w.r.t. RTT delay to avoid stop-and-wait in HARQ procedure – i.e. gNB waits for UL HARQ feedback following DL packet transmission, UE waits for gNB (re)-transmission following UL HARQ feedback.  

This solution could require a dramatic increase in the number of HARQ processes – i.e. 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 as shown in Table 1. 
	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

Another solution is to disable UL HARQ feedback to avoid stop-and-wait in HARQ procedure and rely on RLC ARQ for reliability. The number of HARQ processes can be kept as in Release 15 – i.e. 16 HARQ processes. 
 
Impact on DCI with NHARQ > 16 HARQ processes
Ericsson, MediaTek, and ZTE provided link-level simulations with observations as follows:
· Ericsson simulated with a TDL-D suburban channel with elevation angle of 30 degrees with BLER target of 1% for RLC ARQ with 16 HARQ processes, and BLER targets 1% and 10% with 32/64/128/256 HARQ processes. There was no observable gain in throughput with increased number of HARQ processes compared to RLC layer re-transmission with RTT in {32, 64, 128, 256} ms. 
· MediaTek simulated with a TDL-D suburban channel with elevation angle of 30 degrees with BLER targets of 0.1% for RLC ARQ with 16 HARQ processes, and BLER targets 1% and 10% with 32 HARQ processes. An average throughput gain of 10% was observed with 32 HARQ processes compared to RLC ARQ with 16 HARQ processes with RTT = 32 ms. 
· ZTE [R1-1913238] provides the simulation results in following cases with RTT = 32 ms, e.g.,  assuming BLER targets at 1% for RLC ARQ with 16 HARQ processes, BLER targets 1% and 10% with 32 HARQ processes. There is no observable gain in throughput with 32 HARQ processes compared to RLC ARQ with 16 HARQ processes in case that channel is assumed as TDL-D with delay spread/ K-factor taken from system channel model in suburban scenario with elevation angle 30. Performance gain can be observed with other channels, especially, up to 12.5% spectral efficiency gain is achieved in case that channel is assumed as TDL-A in suburban with 30° elevation angle. Moreover, simulation based on the simulation with consideration on  other scheduling operations: (i) additional MCS offset, (ii) MCS table based on lower efficiency (iii) slot aggregation with different BLER targets are conducted. Significant gain can be observed with enlarging the HARQ process number. 
Nomor Research provided system level simulations for LEO=1200 km with 20% resource utilisation, 16 and 32 HARQ processes, 15 and 20 UEs per cell,  proportional fair scheduling, and no frequency re-use. The spectral efficiency gain per user with 32 HARQ processes compared to 16 HARQ processes depends on the number of UEs. With 15 UEs per beam, an average spectral efficiency gain of 12% at 50% per centile is observed. With 20 UEs per cell there is no observable gain.. 
W.r.t greater than 16 HARQ processes, the following options were proposed by contributing companies: 
· Option 1: Keep 16 HARQ process IDs 
· Ericsson, Huawei, Nomor, MediaTek
· Option 2: Greater than 16 HARQ process IDs with following consideration
· UE capability if greater than 16 HARQ process IDs: Qualcomm, OPPO, ZTE, Nokia, Sony, CATT, Asia Pacific Telecom 
· Keep 4-bit HARQ process ID field in DCI: Huawei, Nokia, ZTE, Qualcomm, Intel, Sony, Panasonic, CMCC 




The following solutions were proposed by companies for greater than 16 HARQ processes with keep 4-bit HARQ process ID field in DCI:
· Qualcomm, Intel, OPPO, Sony, Panasonic: Slot number based 
· Nokia: Virtual process ID based with HARQ re-transmission timing restrictions
· Panasonic: Reuse HARQ process ID within RTD (time window) 
OPPO propose not to extend fallback DCI 0_0 and 1_0 to ensure backward compatibility.

Proposal 6: 
Include the following TP in Section 6.4 of 38.821:
RAN1 evaluated 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

Offline consensus: Proposal 12: 
Include the following TP in Section 6.4 of 38.821:
The observations from the evaluations performed evaluation the effect of the number of HARQ processes on performance are summarized as follows:
· Three sources provided link-level simulations of throughput versus SNR with the following observations:
· One source simulated with a TDL-D suburban channel with elevation angle of 30 degrees with BLER target of 1% for RLC ARQ with 16 HARQ processes, and BLER targets 1% and 10% with 32/64/128/256 HARQ processes. There was no observable gain in throughput with increased number of HARQ processes compared to RLC layer re-transmission with RTT in {32, 64, 128, 256} ms. 
· One source simulated with a TDL-D suburban channel with elevation angle of 30 degrees with BLER targets of 0.1% for RLC ARQ with 16 HARQ processes, and BLER targets 1% and 10% with 32 HARQ processes. An average throughput gain of 10% was observed with 32 HARQ processes compared to RLC ARQ with 16 HARQ processes with RTT = 32 ms. 
· One source provides the simulation results in following cases with RTT = 32 ms, e.g.,  assuming BLER targets at 1% for RLC ARQ with 16 HARQ processes, BLER targets 1% and 10% with 32 HARQ processes. There is no observable gain in throughput with 32 HARQ processes compared to RLC ARQ with 16 HARQ processes in case that channel is assumed as TDL-D with delay spread/ K-factor taken from system channel model in suburban scenario with elevation angle 30. Performance gain can be observed with other channels, especially, up to 12.5% spectral efficiency gain is achieved in case that channel is assumed as TDL-A in suburban with 30° elevation angle. Moreover, simulation based on the simulation with consideration on  other scheduling operations: (i) additional MCS offset, (ii) MCS table based on lower efficiency (iii) slot aggregation with different BLER targets are conducted. Significant gain can be observed with enlarging the HARQ process number. 
· One source provided system level simulations for LEO=1200 km with 20% resource utilisation, 16 and 32 HARQ processes, 15 and 20 UEs per cell,  proportional fair scheduling, and no frequency re-use. The spectral efficiency gain per user with 32 HARQ processes compared to 16 HARQ processes depends on the number of UEs. With 15 UEs per beam, an average spectral efficiency gain of 12% at 50% per centile is observed. With 20 UEs per cell there is no observable gain.


Proposal 13:
The main observations for link-level simulations from 3 sources for increased number HARQ processes are summarize as follows:
· For LOS, there is no observable throughput gain 
· For NLOS, there can be throughput gains of up to 12.5%  
The main observations for system-level simulations from one source are summarized as follows:
· For LEO-1200, S-band (Case 14), there is 12% spectral efficiency gain at 50% per centile with 15 UEs per cell, and no observable gain with 20 UEs per cell.

Offline consensus: Proposal 7: 
Include the following TP in Section 6.4 of 38.821:
The following options were considered and there is no convergence on the options: 
· Option 1: Keep 16 HARQ process IDs and rely on RLC ARQ for HARQ processes with UL HARQ feedback disabled via RRC 
· Option 2: Greater than 16 HARQ process IDs with UL HARQ feedback enabled via RRC with following consideration
· UE capability if greater than 16 HARQ process IDs 
· Keep 4-bit HARQ process ID field in DCI 
The following solutions were considered for greater than 16 HARQ processes with keep 4-bit HARQ process ID field in DCI:
· Slot number based [R1-1912957, R1-1912213, R1-1912665, R1-1912349, R1-1912904]
· Virtual process ID based with HARQ re-transmission timing restrictions [R1-1913019]
· Reuse HARQ process ID within RTD (time window) [R1-1912904]

	Company
	Comments and Views

	Nomor Research GmbH
	As long as we do not agree that > 16 HARQ processes are required, we wonder why we should capture different options to support > 16 HARQ processes? 
If the group wants to have it, we do not block progress, but it should be made very clear that “There is no RAN1 consensus on the necessity to support greater than 16 HARQ processes”. 

	ZTE
	In our latest version (R1-1913238), in addition to the three configuration listed above (i,ii,iii), new results for the performance comparison between HARQ without feed back together at 1% BLER and enlarged HARQ process with feedback at 10%/1% target BLER for scheduling are also conduct under many conditions and performance gain are shown for the latter solution. I assume that in the new results, same assumption for so-called “proper link adaptation” as proponents are used.
Moreover, w.r.t the proposal 7, updates are made as shown above. For main bullet, as highlighted in your summary, clear majority are supportive for the option for enlarging HARQ process number and technically, i assume that we can achieve the fair decision in Reno.
W.r.t the two sub-bullets in option 2, actually, they are further details to refine the supports on more than 16 HARQ process IDs instead of additional options. It’s clear that, even with support on more than 16 HARQs process number from gNB perspective, the configuration for each UE will also up to UE capability. BTW, no changes on the DCI bits (i.e., 4 bits for HARQ process ID indication) is also another principle to refine the design.

	Nokia
	The UE can interpret the same 4-bit field in DCI for HARQ process ID even if there are >16 processes. With more HARQ processes, reliable data service can be provided with higher throughput and better spectral efficiency. We support extending max. number of HARQ processes beyond 16. The exact number of processes can be configurable based on UE capability, QoS requirement as well as the system load etc.

	Ericsson
	As 4 companies provided results, we think it is important to capture all these results in the TR along with the observations from these 4 company contributions.  Our preference is to base the conclusions on this issue based on the results presented to this meeting.  At least 3 companies show results that don’t support extending the number of HARQ processes beyond 16 (note that both system and link level results are presented by these 3 companies).  Only 1 company shows link level results on the need for increasing number of HARQ processes.  So we agree with Nomor Research’s comment that “There is no RAN1 consensus on the necessity to support greater than 16 HARQ processes”.
Regarding Proposal 6:  We do not need to capture this until we resolve the issue of whether greater than 16 HARQ processes are needed.  Instead of Proposal 7, we propose to base conclusions on the results presented by companies.  I think it may be a good compromise under which conditions the gains are observed such as no gain in LOS conditions, and some X% gain in NLOS conditions.



Impact on soft buffer size with NHARQ > 16 HARQ processes 
Several companies proposed solutions with greater than 16 HARQ process IDs without increasing the HARQ soft buffer size requirements in NTN
· Option 1: Pre-active/pre-emptive HARQ to reduce stop-and-wait time
· Huawei, Samsung 
· Option 2: : Enabling / disabling of HARQ buffer usage configurable on a per UE and per HARQ process 
· Intel, MediaTek, Panasonic (via DCI)
· Option 3: HARQ buffer status report from the UE can be reported to gNB
· Intel

Offline consensus: Proposal 8: 
Include the following TP in Section 6.4 of 38.821:
With regards to HARQ soft buffer size, there is no convergence on the considered options: 
· Option 1: Pre-active/pre-emptive HARQ to reduce stop-and-wait time [R1-1911861, R1-1912471]
· Option 2: Enabling / disabling of HARQ buffer usage configurable on a per UE and per HARQ process [R1-1912213, R1-1912125, R1-1912904]
· Option 3: HARQ buffer status report from the UE can be reported to gNB [R1-1912213]

Offline consensus: Proposal 14:
Further discussion in the WI phase on the number of HARQ processes with additional considerations for HARQ feedback, HARQ buffer size, RLC  feedback, and RLC ARQ buffer size

Proposal 9: 
Include the following TP in Section 6.4 of 38.821:
It is recommended that greater than 16 HARQ processes is not considered as priority for normative work in NR-NTN.

Proposal 10: 
Include the following TP in Section 6.4 of 38.821:
For HARQ processes with UL HARQ feedback disabled, it is up to the UE implementation to support soft combining if previously transmitted packets can be stored in HARQ memory and combined with re-transmitted packets. 
[bookmark: _GoBack]
Proposal 11: 
Include the following TP in Section 6.4 of 38.821:
It is recommended to discuss further in normative phase whether enhancements would be needed for UE to support soft combining of packets re-transmitted using a HARQ process with UL HARQ feedback disabled. 

	Company
	Comments and Views

	Nomor Research GmbH
	We support both TPs 8 and 9.  

	Nokia
	Same soft buffer size for a handheld UE can support >16 HARQ processes since throughput in NTN will be lower than in the terrestrial NR network. The exact number of HARQ processes can be configured based on UE capability. For a configured HARQ process, even if HARQ feedback is disabled, soft combining should be supported since slot aggregation and DCI-based multiple transmissions can be used for a feedback disabled process.

	Ericsson
	We are fine to capture TPs 8 and 9.  
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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 agree to the offline proposal made at RAN1#98bis that at least one HARQ process is configured with UL HARQ feedback when HARQ is disabled.
· Proposal 2: Transmission parameters for HARQ processes with feedback enabled/disabled should be allowed to be configured differently. For example, it should be supported to configure a higher aggregation factor for HARQ processes with feedback disabled, while a lower aggregation factor can be configured for HARQ processes with feedback enabled.
· Proposal 3: Transmission parameters for HARQ processes with feedback enabled/disabled should be allowed to be configured differently. For example, it should be supported to configure a higher aggregation factor for HARQ processes with feedback disabled, while a lower aggregation factor can be configured for HARQ processes with feedback enabled.

	Huawei
	· Proposal 3: A MAC-CE based indication scheme can be considered to provide additional flexibility for HARQ disabling/enabling for NTN.
· Proposal 4: Repetition can be considered as an enhancement for data transmission when HARQ is disabled.
· Proposal 5: Reinterpreting bits in DCI for indicating repetition-related parameters shall be considered for disabled HARQ retransmissions.

	Nokia
	· Proposal 1: Dynamic HARQ feedback request for a given TB can be facilitated by having RRC preconfigure some DCI field to indicate that HARQ feedback should not (or should) be transmitted for the TB, e.g. selected HARQ process ID(s) and/or dl-DataToUL-ACK value(s) could indicate that HARQ-feedback is not requested.

	Qualcomm
	· Observation 1: When HARQ feedback is disabled, it may take at least 2 RTD before the network know any DL transmission issue.
· Proposal 4: Support a new UCI feedback for reporting DL transmission disruption and or requesting DL scheduling changes when HARQ feedback is disabled.  
· To study the new UCI format and associated resource allocation.

	Samsung
	· Proposal 1: Mechanism to recover link reliability should be studied in NTN. The use of more robust MCS table can be studied for this purpose.
· Proposal 2: Mechanism to simplify the DCI format should be studied in NTN.

	Intel
	· Observation 1: DCI format can be modified by removing useless DCI fields for the case where HARQ is disabled via RRC
· Proposal 1: The following enhancements can be considered for NTN
· Compact DCI for the case where HARQ is disabled via RRC
· Increased number of HARQ processes
· Proposal 3: The following enhancements can be considered for the case of limited soft buffer
· Dynamic HARQ disabling configurable on a per UE and per HARQ process basis
· Soft buffer status reporting

	MediaTek
	· Observation 1: The gNB does not need to wait to receive the UL HARQ feedback and can transmit the MAC CE with TCI update on any HARQ process ID whether the UL HARQ feedback is enable or disabled
· Observation 2: The gNB can send MAC CE carrying the TCI activation for beam switching with sufficient time before the UE falls out of coverage of a beam. 
· Proposal 1: At least one HARQ process is configured with UL HARQ feedback enabled.

	Sony
	· Observation 1: The RAN2#107 decision is captured incompletely in the conclusion of RAN1#98 meeting. As RAN2 agreed that the enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling, RAN1 can continue discussion on dynamic HARQ disabling via DCI signalling.
· Observation 2: HARQ disabling via RRC will limit scheduling flexibility for SPS and Configured grant Type 2
· 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
· 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].
· Observation 3: Type 1 HARQ codebook will cause large redundancy overhead when HARQ feedback is disabled for some HARQ processes.

	CATT
	· Proposal 3:  Suggest to keep at least one HARQ process with feedback.
· Proposal 4:  Using RRC indicated HARQ ID disabling set to implement the HARQ disabling, no need DCI change in HARQ disabling.
· Proposal 5: Support time interleaved slot aggregation to improve transmission reliability.

	CMCC
	· Proposal 1: When HARQ is disabled, consider removing or reusing some HARQ related fields in DCI.
· Proposal 2: The multiple transmissions of same TBs in 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
	· Proposal 1: If HARQ feedback is disabled on a per UE basis, at least one HARQ process is configured with UL HARQ feedback enabled. 
· Proposal 2: The HARQ processes with HARQ feedback enabled shall be configured by higher layers or by reserving certain HARQ process IDs.

	ETRI
	· Observation 1 : When HARQ feedback is disabled on a per UE, the ACK/NACK information for gNB to determine whether DL transmission has become reliable or not does not exist.
· Observation 2 : Without HARQ feedback, it is impossible for gNB to know whether the transmission parameter is appropriate for the current situation or not.
· Observation 3 : With slot aggregation, the transmission parameter should be determined properly. 
· Too reliable parameter : throughput loss 
· Too un-reliable parameter : waste of BW
· Observation 4 : the solution in [2] has RAN1 specification impact. 
· Proposal 1 : Support a new UL feedback via UCI/MAC-CE/RRC for reporting DL status or requesting DL scheduling changes when HARQ feedback is disabled. 
· UL feedback can include information such as
· DL decoding statistics
· request for reducing/increasing MCS
· request for reducing/increasing pdsch-AggregationFactor
· combinations of the above




Proposals on HARQ Optimization for NR NTN

	Source
	Related Proposals & Observations

	Ericsson
	· Observation 1: The motivation of increasing number of HARQ processes is not clear, as there exist several other ways to address the issue originated from the stop-and-wait HARQ protocol.
· Observation 2: Evaluation results show that compared to increasing the number of HARQ processes, HARQ without feedback achieves similar throughput performance. 
· Proposal 3: RAN1 to conclude that there is no need to increase the number of HARQ processes for NTN.

	Huawei
	· Proposal 1: Even should an increased number of HARQ processes be adopted in NTN do not extend HARQ process number field in DCI.
· Observation 1: The pre-active HARQ feedback scheme can improve overall HARQ latency in NTN with multiple retransmission.
· Proposal 2:  The pre-active HARQ feedback scheme can be considered for HARQ enhancement in NTN.

	Nokia
	· Proposal 2: The HARQ process number can be extended and configured.
· Proposal 3: 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.
· Observation 1: Transport block retransmission is essential to ensure link reliability in NTN systems.
· Observation 2: Retransmission is a trade-off between spectral efficiency and latency
· Observation 3: With sufficient aggregation factor, data latency in NTN can be significantly reduced
· Observation 4: The higher the aggregation factor, the lower the spectral efficiency.
· Proposal 5: Adjustable aggregation/repetition factor is beneficial for latency reduction and better spectral efficiency. The detailed mechanism should be considered in WI

	ZTE
	· Observation 1: Larger number of HARQ process is required to support most of cases in NTN.
· Observation 2: It’s beneficial to support the HARQ procedure with larger process number in NTN case.
· Observation 3: The impacts on the UE/BS capability with supporting of larger HARQ process number is affordable.
· Proposal 1: Extension of the maximum supported HARQ process number, e.g., up to 256, can be the baseline for NTN.
· Proposal 2: Re-interpretation of bits in DCI can be considered to support the HARQ indication with extended maximum HARQ process number.

	Samsung
	· Proposal 3: Increasing the number of parallel HARQ processes and its corresponding impact should be studied in NTN.
· Proposal 4: Pre-emptive HARQ transmission with a configurable number of repetitions should be studied in NTN.
· Proposal 5: UE assistance information for HARQ should be studied for NTN.
· Proposal 6:  For situations where ‘forced handover’ is necessitated by the relative motion (w.r.t. the earth) of LEO or MEO satellite constellations, the option to signal the HARQ enabling by the source satellite gNB before the completion of the handover should be studied.

	Qualcomm
	· Proposal 1: For NTN, UE reports the capability on the number of HARQ processes.
· Proposal 2: For NTN, more than 16 HARQ processes can be configured.
· Proposal 3: For NTN, support slot number based HARQ process identification.
· Observation 1: When HARQ feedback is disabled, it may take at least 2 RTD before the network know any DL transmission issue.
· Proposal 4: Support a new UCI feedback for reporting DL transmission disruption and or requesting DL scheduling changes when HARQ feedback is disabled.  
· To study the new UCI format and associated resource allocation.

	Intel
	· Observation 2: Larger number of HARQ processes is needed to support large RTT of NTN with enabled HARQ feedback
· Observation 3:  Larger number of parallel HARQ processes can be supported without increased number of DCI bits for HARQ process ID indication
· Proposal 2: The following solutions can be considered to support larger range of HARQ process IDs without increased number of DCI bits
· Opt. 1: Most significant bits of HARQ process ID can be indicated by the DCI and least significant bits can be derived from the slot index of PUSCH/PDSCH transmission
· Opt. 2: A codepoint of HARQ process ID field in the DCI indicates whether HARQ ID is derived based on the slot index, other codepoints are used to directly indicate HARQ ID
· Proposal 3: The following enhancements can be considered for the case of limited soft buffer
· Dynamic HARQ disabling configurable on a per UE and per HARQ process basis
· Soft buffer status reporting

	MediaTek
	· Observation 3: 	There is no significant increase in maximum throughput when increasing number of HARQ processes to greater than 16 compare to HARQ operations without stop-and-wait when UL HARQ feedback is disabled in NR NTN.
· Proposal 2: Greater than 16 HARQ process IDs is not supported in NR-NTN.
· Proposal 3: Whether HARQ process IDs with UL HARQ feedback disabled via RRC can do HARQ soft combining is a UE capability.
· Proposal 4: 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.
· Proposal 5: Support of DMRS time domain bundling for slot aggregation.

	OPPO
	· Proposal1: NTN should support fixed 16 HARQ processes in fallback DCI.
· 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.
· Dynamical 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 maximize schedulable slots.
· Poroposal5: 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 1: The number of HARQ processes should be extended compared to Rel.15. 
· Proposal 2: HARQ process ID indication scheme to minimize the DCI size should be studied. Following options should be studied. 
· Option 1: HARQ process is tied to SFN/slot number 
· Option 2: Reuse HARQ process ID within RTD
· Proposal 3: A flag in DCI to allow UE to flush HARQ buffer should be supported.

	CATT
	· Proposal 1:  Support more than 16 process IDs.
· Proposal 2:  UE can report the capability of supported maximum HARQ process number, and gNB can configure real HARQ process number depending on needs.

	CMCC
	· Proposal 3: Support more than 16 HARQ process number in NTN. In order to control the DCI overhead and maintain a certain flexibility at the same time, the size of HARQ process number field can be remained to be 4-bit or just increase to be 5-bit.
· Proposal 4: The time domain window based synchronous and asynchronous HARQ scheme can be considered for the data retransmission in NTN.

	Nomor
	· Observation 1: 	Considering a LEO-1200 S-Band scenario with 15UEs per cell, the user spectral efficiency can be increased, if 32HARQ processes instead of 16 HARQ processes are used.
· Observation 2: 	Considering a LEO-1200 S-Band scenario with 20UEs per cell, the user spectral efficiency performs similar independent if 16 or 32 HARQ processes are used.
· Observation 3: 	Considering the large cell size in NTN, more than 20UEs per cell can be assumed.
· Observation 4: 	By TDM scheduling of UEs in downlink, e.g. making larger resource assignments to fewer UEs per TTI, i.e. scheduling UEs less frequently in time, the number of needed HARQ processes can be decreased.
· Observation 5: 	A single disabled HARQ process with higher aggregation factor will increase the user spectral efficiency, if all possible HARQ processes are in use.
· Observation 6: 	In case of a lowly load cell (unlikely scenario in NTN) with lots of capacity allocated to very few UEs, a loss in spectral efficiency might be acceptable.
· Proposal 1: 	There is no need to increase the number of HARQ processes for NTN.



