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1. Introduction
In RAN#86, a new WI “Solutions for NR to support non-terrestrial networks (NTN)” was approved [1]. The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios. For RAN1, the detailed objectives are to specify enhancing features to Rel-15 & Rel-16’s NR radio interface as follows [1]:
	4.1.1	RAN1
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode



In this contribution, we share our considerations on enhancement of HARQ for NTN.
2 HARQ process number extension
In RAN1#103e meeting [2], the following agreements were achieved on HARQ process number extension.
	Agreement:
· Enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by at least one of following:
· Option 1: Slot index as the MSB
· Option 1-a:Slot index as the LSB 
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits 
· FFS: DCI 0-0/1-0
· Note: 32 is taken as maximal supported HARQ processes number for both UL and DL


First, a unified solution for all DCI formats is preferred. Option 1, Option 1-a and Option 2 are implicit indication and will not change the DCI format size, while Option 3 is explicit indication which may change the DCI format size. In option 2, detailed solutions such as which field is reused should be clarified to avoid possible damage to other features.
Proposal 1: Unified solution of HARQ process indication for all DCI formats, down select from following options:
· Option 1: Slot index as the MSB
· Option 1-a: Slot index as the LSB 
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits
3 Support of enabling / disabling of HARQ feedback
In RAN2#105 meeting[3], the following agreements were achieved on definition of HARQ feedback disabling.
	Agreements:
1. Retransmissions at one or several layers shall be supported for NTN and configurable by the network.
2. The network should be able to configure the UE whether the HARQ is “turned off”.  There is no UL feedback for DL transmission in the if HARQ is turned off.  FFS the impact on other procedures and how to configure.


In RAN1#102e meeting [4], the following agreements were achieved on mechanism for disabling/enabling HARQ feeddback.
	Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling


As the agreements indicates, the HARQ disabling means UE don’t need to feedback ACK/NACK for DL scheduling, while the re-transmission function of HARQ is still valid. In this section, we discuss the impact of  disabling  HARQ feedback. 
[bookmark: _Hlk15897265]3.1 Restriction on HARQ feedback disabling 
In NR, a 3ms delay after ACK feedback is designed for MAC CE activation/deactivation timing intends to synchronize the action between gNB and UE. There is an issue that the gNB would not know whether the MAC CE is received correctly by UE when HARQ feedback is disabled. Important but not time-sensitive MAC CEs such as SP CSI reporting on PUCCH activation/deactivation by MAC CE, SP SRS activation/deactivation by MAC CE and SCell activation/deactivation by MAC CEs will cause continuous error if they are missing or decoded incorrectly. Additionally, common RRC messages on CCCH do not go through RLC AM. Only the dedicated RRC messages on DCCH and data on DTCH go through RLC AM. This means the RLC layer cannot be used to determine if MAC CE or RRC messages on CCCH were received by the UE. 
In that sense, it is beneficial to enable HARQ feedback for at least one HARQ process so that the reliability of this important signaling can be ensured by transmitting them using the HARQ process whose HARQ feedback is enabled.  As the criteria are discussed in RAN2, suggest sending LS to RAN2 by addressing RAN1’s consideration. It should be noted that if the MAC CE is carried by HARQ process with feedback disabled, the timing relationship of MAC CE activation/deactivation should be further discussed in RAN1.
Proposal 2: Send LS to RAN2 with capturing following options to resolve the issue related to MAC CE activation/deactivation command:
· Option 1: UE expects that at least one HARQ process with feedback enabled is configured for the DL scheduling of MAC CE.
· FFS all MAC CE need mandatory HARQ process with feedback enabled.
· Option 2: Up to gNB’s implementation for scheduling.
· FFS the timing relationship of MAC CE activation/deactivation via HARQ process with HARQ feedback disabled.
3.2 Impact on HARQ codebook
For dynamic scheduling, the HARQ process ID is included in the DCI, for DL semi-persistent scheduling the HARQ process ID is derived by the DCI scrambled by CS-RNTI. In that sense, the UE does not know whether the HARQ feedback is enabled or disabled for a given PDSCH until its scheduling DCI is received for either of dynamic PDSCH or SPS PDSCH. As the enabling / disabling of HARQ feedback for downlink transmission is configured on a per HARQ process basis via RRC signaling and the existing HARQ codebooks are designed in principle that all PDSCHs need HARQ-ACK feedback, it is necessary to identify the enhancement for HARQ-ACK codebook construction when feedback for some HARQ processes is disabled. In RAN1#103e meeting [2], the following agreements were achieved for HARQ codebook enhancement,
	Agreement:
HARQ codebook enhancement is supported as:
· For Type-2 HARQ codebook:
· Option-1: Reduce codebook size with:
· HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes
· FFS: at least DCI for SPS release/SPS PDSCH
· Option-2: No enhancement
· Other options are not precluded.
· For Type-1 HARQ codebook, further discuss is needed with down selection among following options:
· Option-1: No enhancement;
· Option-2: Report NACK on disabled process
· Option-3: Reduce codebook size with criteria 
· FFS: Enhancements for Type-3 HARQ codebook


In the following part, we will discuss each solution for necessary enhancement for HARQ-ACK codebook construction. 
Type 1 HARQ codebook
Type-1 HARQ-ACK codebook/semi-static HARQ-ACK codebook can provide robustness against missed DCI transmissions, whose length depends on the RRC configured parameters such as TDRA table, serving cell number and K1 value/dl_DataToUL-ACK. On current codebook design rules, the number of redundant feedback bits of the semi-static HARQ-ACK codebook would be too large when some of the HARQ processes are feedback disabled. This is because the UE assumes that all PDSCH occasions, i.e., all HARQ processes need HARQ feedback and so constructs the codebook based on pre-configured parameters via RRC signalling. For example, if a UE is configured with 16 HARQ processes in the serving cell, then assuming HARQ process ID#1 is configured for HARQ feedback enabled and the other HARQ process IDs are configured for HARQ feedback disabled, the UE still has to reserve the ACK/NACK bits for all 16 HARQ processes in the feedback occasion. In that sense, around 90% of the bits reserved are redundancy which would cause large overhead. 
To keep the semi-static feature of Type-1 HARQ codebook and reduce the codebook overhead, one possible solution is using different RRC configured TDRA tables for HARQ processes with HARQ-ACK disabling and HARQ-ACK enabling. When more than 1 PDSCH can be scheduled in one slot, the UE needs to reserve the HARQ ACK/NACK bits for maximum possible PDSCH transmission occasions. As Fig.1 shows, the length of TDRA 1 is 4 symbols and the starting symbol is 3, and so on to TDRA 2, TDRA 3 and TDRA 4. UE needs to reserve 3 HARQ ACK/NACK bits for each K1 value when it configures SLIV table in Fig.1. If only HARQ processes with HARQ-ACK feedback enabled are configured with the TDRA 1 and the maximum possible PDSCH transmission number is 1, then the UE only needs to reserve 1 HARQ ACK/NACK bit for each K1 value. 
[image: ]
[bookmark: _GoBack]Fig.1 Example of SLIV table
Type 2 HARQ codebook
For dynamic HARQ-ACK codebook, the UE feeds back ACK/NACK based on the actual schedule condition without redundant HARQ feedback bits reservation. As we discussed in the beginning of section 3, HARQ disabling means UE don’t need to feedback ACK/NACK for DL scheduling HARQ processes with feedback disabled. The codebook size of Type-2 HARQ codebook is naturally reduced as the codebook only includes HARQ-ACK of dynamic scheduling PDSCH with feedback-enabled HARQ process. 
In DCI for DL scheduling, a value of the counter DAI field denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) and a value of the total DAI field denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) are used to avoid DCI miss detection of dynamic scheduling and SPS release. In DCI for UL scheduling, the value of DAI in DCI format 0_1 denotes total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is used for rate matching when HARQ-ACK information is multiplexed in the PUSCH transmission. When HARQ feedback is disabled, enhancement on DAI increment is necessary. To reduce the UE complexity, it is preferred that UE assumes a same value of counter DAI and total DAI in DCI formats including DCI of PDSCH with feedback-enabled HARQ process and DCI of PDSCH with feedback-disabled HARQ process. Therefore, for dynamic scheduling PDSCH, we propose that the counter DAI and total DAI count only DCI scheduling PDSCH with HARQ-ACK enabling in both DCI of PDSCH with feedback-enabled HARQ processes and DCI of PDSCH with feedback-disabled HARQ processes, and the value of DAI in DCI format 0_1 count only DCI scheduling PDSCH with HARQ-ACK enabling.
Type 3 HARQ codebook
In NR Rel.16, the Type-3/one-shot HARQ codebook was firstly introduced for unlicensed band usage. When a UE is configured with one-shot HARQ feedback scheme and the one-shot request bit filed in DCI 1_1 is 1, the UE will feedback of a HARQ-ACK codebook containing all configured DL HARQ processes for all serving cells configured for the UE. Furthermore, if the pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is provided, the UE will feedback NDI value indicated in the DCI format together with the HARQ-ACK information bit(s). It would be beneficial in case of the gNB cannot control the UL occasion, such as unlicensed band case. Where the gNB can firstly set K1 as non-numerical value when the UL channel is not available, then trigger one-shot HARQ feedback with an available K1 value. However, we think NTN is a different case. Firstly, NTN is using the licensed band and the uplink channel will not be unavailable due to LBT failure, therefore the non-numerical K1 value is not beneficial for NTN. Secondly, the DCI for triggering one-shot HARQ codebook will bring further feedback delay in NTN. Based on the discussion above, we propose don’t support Type-3 HARQ codebook in NTN.
Observation 1: When HARQ feedback is disabled for some HARQ processes, the redundant feedback bits of Type-1 / semi-static HARQ-ACK codebook would be large based on current HARQ-ACK codebook design
Proposal 3: HARQ codebook enhancement is supported as:
· For Type-1 HARQ codebook, reduce codebook size with keeping the codebook size semi-static. 
· For Type-2 HARQ codebook, reduce codebook size with HARQ codebook only includes HARQ-ACK of dynamic scheduling PDSCH with feedback-enabled HARQ process.
· C-DAI, T-DAI and DAI in DCI format 0_1 count only DCI scheduling PDSCH with HARQ-ACK enabling. 
· In both DCI of PDSCH with feedback-enabled HARQ processes and feedback-disabled HARQ processes, the C-DAI and T-DAI are given the count value of feedback-enabled process.
· Don’t support Type-3 HARQ codebook in NTN.
3.3 Impact of SPS PDSCH
In RAN1#103e meeting [2], the following agreements were achieved for UE behavior of HARQ process with feedback disabled. 
	Agreement:
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until [X] after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· FFS: value of X and units in which it is defined.
· FFS: Whether TB of the two PDSCHs needs to be different


Different from dynamic scheduling discussed in section 3.2, semi-persistent scheduling does not need dynamic signalling therefore can reduce the shceduling latency especially in NTN with its large RTT. For DL semi-persistent scheduling the HARQ process ID is derived from the following formula [5]:
HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
Where CURRENT_slot=[(SFN × numberOfSlotsPerFrame) + slot number in the frame] and the nrofHARQ-Processes is the number of configured HARQ process for SPS, the SPS HARQ process ID is calculated by the PDSCH location in time domain, if two HARQ processes are configured for SPS to UE, there are three possibilities:
· Case 1: Both HARQ process are feedback enabled.
· Case 2: One HARQ prcess is feedback enabled, the other is feedback disabled.  
· Case 3: Both HARQ process are feedback disabled.
For case 1, as the UE is not expected to receive another PDSCH for a given HARQ prcess with feedback enabled until after the end of the exptected transmission of HARQ-ACK for that HARQ process, the gNB needs to configure large period for SPS PDSCH to compensate the large delay. When the round trip delay (RTD) between satelliete and UE are changing with time, the SPS periodicity should be capable of compensating the largest RTD.
For case 2, the UE behavior of HARQ process with feedback enabled and feedback disabled are different. The UE is not expected to receive another PDSCH for a given HARQ prcess with feedback enabled until after the end of the exptected transmission of HARQ-ACK for that HARQ process, while the UE is not expected to receive another PDSCH for a given HARQ process with feedback disabled until after the end of the reception of the last PDSCH for that HARQ process. Therefore, the scheduling behavior may become confused to UE and similar with case 1 the SPS periodicity should be large enough to compenaste the RTD.
For case 3, the gNB can configure the SPS periodicity without considering the RTD as both HARQ processes are feedback disabled. However, the gNB will not receive any feedback from UE during the whole SPS procedure. In NR, whether the SPS PDSCH activation is received correctly is indicated implicitly by HARQ feedback for SPS PDSCH, while the gNB cannot know whether the activation is received based on HARQ feedback for any SPS PDSCH for which HARQ feedback is disabled. In that sense, it is beneficial for the UE to feedback for the SPS PDSCH activation to ensure the reliability of SPS PDSCH transmission. And the counter DAI and total DAI field should be incremented with PDCCH for PDSCH scheduling or PDCCH indicating SPS PDSCH release or PDCCH indicating SPS PDSCH activation for HARQ process with HARQ feedback disabling.
Proposal 4: When the HARQ process of SPS PDSCH is HARQ feedback disabled, UE reports HARQ feedback information for the SPS PDSCH activation. 
Proposal 5: The counter DAI, total DAI and DAI in DCI format 0_1 count for PDCCH indicating SPS PDSCH activation for HARQ process with feedback disabled.
4 Summary 
In this contribution, we provide considerations on more delay tolerant HARQ for NTN. Following is our proposal: 
Observation 1: When HARQ feedback is disabled for some HARQ processes, the redundant feedback bits of Type-1 / semi-static HARQ-ACK codebook would be large based on current HARQ-ACK codebook design
Proposal 1: Unified solution of HARQ process indication for all DCI formats, down select from following options:
· Option 1: Slot index as the MSB
· Option 1-a: Slot index as the LSB 
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits
Proposal 2: Send LS to RAN2 with capturing following options to resolve the issue related to MAC CE activation/deactivation command:
· Option 1: UE expects that at least one HARQ process with feedback enabled is configured for the DL scheduling of MAC CE.
· FFS all MAC CE need mandatory HARQ process with feedback enabled.
· Option 2: Up to gNB’s implementation for scheduling.
· FFS the timing relationship of MAC CE activation/deactivation via HARQ process with HARQ feedback disabled.
Proposal 3: HARQ codebook enhancement is supported as:
· For Type-1 HARQ codebook, reduce codebook size with keeping the codebook size semi-static. 
· For Type-2 HARQ codebook, reduce codebook size with HARQ codebook only includes HARQ-ACK of dynamic scheduling PDSCH with feedback-enabled HARQ process.
· C-DAI, T-DAI and DAI in DCI format 0_1 count only DCI scheduling PDSCH with HARQ-ACK enabling. 
· In both DCI of PDSCH with feedback-enabled HARQ processes and feedback-disabled HARQ processes, the C-DAI and T-DAI are given the count value of feedback-enabled process.
· Don’t support Type-3 HARQ codebook in NTN.
Proposal 4: When the HARQ process of SPS PDSCH is HARQ feedback disabled, UE reports HARQ feedback information for the SPS PDSCH activation. 
Proposal 5: The counter DAI, total DAI and DAI in DCI format 0_1 count for PDCCH indicating SPS PDSCH activation for HARQ process with feedback disabled.
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