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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For the enhancements on NTN HARQ, there were some discussions on enhancement on HARQ process ID indication, Disabling/enabling HARQ feedback, transmission enhancement and HARQ feedback enhancement etc. Moreover, a few agreements on HARQ operation were concluded as follows [1] in last RAN1 meeting: 
Agreement:
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]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

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 
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]FFS: DCI 0-0/1-0
· Note: 32 is taken as maximal supported HARQ processes number for both UL and DL

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 this contribution, we further analyze remaining technical issues of NTN HARQ operation and provide our views on these issues.

Discussion 
0. Enhanced HARQ process ID indication
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Since the maximal supported HARQ process number is up to 32, there is one remaining issue needed to consider, this is, how to configure HARQ ID more than 16 in the DCI. For DCI 0-2/1-2 and DCI 0-1/1-1, several possible solutions have been discussed at RAN1#103e. In the following paragraphs, some further comparisons are made.
· Alt 1: Using slot index as additional HARQ bit
If additional 1 bit is placed on MSB, then even slot can only accommodate the first 16 processes, and odd slot can only accommodate the last 16 processes. Nevertheless, if the additional 1 bit is placed on the LSB, the odd slot is mapping to the odd process, and the even slot is mapping to the even process. By comparison, using slot index as HARQ ID LSB seems more flexible, since it can enable asynchronous HARQ process configuration.
· Alt 2: Reusing one bit from other DCI bit field
For reusing one bit from other bit field, one simple approach is to re-interpret the second data block indication since NTN scneario will not support more than one stream transmission. Other possible way is to reuse 1 bit of RV field, e.g, only RV0 and RV3 are used, but it will degrade the performance in certain degree.
· Alt 3: Extending the HARQ process ID field up to 5 bits
If extending the HARQ process ID field to 5 bits, the size of DCI of NTN will be different to that of TN, so it should define a new rule to faciliate DCI blind detection of NTN UE, for example, using RRC signalling to inform UE working in NTN mode, then NTN UE would have specific DCI size. As a result, NTN UE would require new DCI detecion behavior. 
Observation 1: [bookmark: OLE_LINK2][bookmark: OLE_LINK5]HARQ ID indication using slot index as the LSB seems reasonable.
Observation 2: Additional HARQ bit can be taken from second block DCI field if only one layer tansmission supported in NTN.  
Proposal 1: Consider to use slot index or DCI field of second block as additional HARQ bit indication to support 32 HARQ processes in DCI 0-2/1-2 and DCI 0-1/1-1.
As specified in TS 38.214, for downlink, maximum 16 HARQ processes per cell are supported by the UE. If not received higher layer parameter nrofHARQ-ProcessesForPDSCH indication, the UE will assume a default number of 8 processes used. Since 32 HARQ processes are not always needed for NTN UE, a default assumption of supported HARQ process number for UE before RRC connection can be less than 32. Moreover, in fallback case, in order to resolve ambiguity in the RRC reconfiguration process, a fallback configuration of HARQ process number is also needed. Hence, similarly, in NTN case, NR mechanism can be reused in fallback case, more specifically, UE may assume a default number of 8 processes for downlink and 16 processes for uplink.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the last meeting, it was discussed whether to determine the maximum number of processes based on UE capabilities. Regardless whether the UE capability report is supported, UE expects that the network can configure a maximum of 16 processes in the case of fallback. In non-fallback case, the network will configure the maximum process according to the reported capability if UE capability reporting is supported, otherwise, a maximum of 32 HARQ processes per cell is supported by the UE.
Proposal 2: Maximum 16 HARQ processes for DCI 0-0 and maximum 8 HARQ processes for DCI 1-0 can be supported.

0. Enhancement on HARQ-ACK codebook
In term of HARQ-ACK codebook, one new issue is that if one HARQ process is not configured with ACK/NACK feedback, whether to redesign the HARQ-ACK reported mechanism or format. There are two main different types of Codebook determination mechanism, called Type 1 and Type 2 in the NR Rel-15. In the last meeting, there was a heated discussion about whether and how to enhance these codebooks.
Type 1 is semi-static HARQ-ACK codebook, where the UE determines a set of occasions for candidate PDSCH receptions on which the UE can transmit corresponding HARQ-ACK information in a PUCCH/PUSCH in slot n based on a set of values K1, possible PDSCH transmission occasion, and TDD UL-DL-configuration. The size of the semi-statice HARQ-ACK codebook is fixed based on configuration and should not be change dynamically.
Based on last meeting discussion, there are three candidate solutions for type 1 codebook feedback: 
· Option-1: No enhancement
· Option-2: Report NACK on disabled process
· Option-3: Reduce codebook size with criteria
The original intention of the type1 codebook is to avoid inconsistent understanding between the gNB and the UE due to the missed DCI detection. To ensure the reliability of the feedback, Option-3 which reduces the codebook size is not supported. Option-2 is not helpful for gNB scheduling, so one simpler approach for minimizing specification impact is to insert ACK or NACK depending on the decoding results of the PDSCHs, no matter it is the PDSCH with or without HARQ-ACK feedback disabling. With this method, the network can be aware of the transmisson quality so that it can adjust the transmission parameters, e.g. aggregation factor, MCS, etc.
Overall, we believe Option-1 should be supported.The example is as shown Figure 1.


Figure 1  Type1 codebook with disabling and enabling HARQ-ACK feedback
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]
Proposal 3: No enhancement is needed for type 1 HARQ-ACK codebook.
[bookmark: _Hlk20352267]Type 2 codebook is a dynamic HARQ-ACK codebook, where UE determines the HARQ-ACK codebook based on the K1 value, C-DAI and T-DAI in the DCI format1_1 and 1_0, PDCCH monitoring occasions across configured cells, and CBG transmission information. Type2 codebool is designed to save the overhead, so we should make some enhancements on dynamic HARQ-ACK codebook with disabling/enabling HARQ feedback for NTN case. Regarding the enhancement on Type 2 HARQ codebook, several candidate options were proposed in the last meeting as follows:
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]Alt-1: C-DAI and T-DAI count only PDSCH with feedback-enabled HARQ processes.
· In the DCI of PDSCH with feedback-enabled HARQ processes, the C-DAI and T-DAI are given their true values (i.e., the count of feedback-enabled processes)
· In the DCI of PDSCH with feedback-disabled HARQ processes, the C-DAI and T-DAI are given their true values (i.e., the count of feedback-enabled processes), despite they are not incremented.
· Alt-2: C-DAI and T-DAI count only PDSCH with feedback-enabled HARQ processes.
· In the DCI of PDSCH with feedback-enabled HARQ processes, the C-DAI and T-DAI are given their true values (i.e., the count of feedback-enabled processes)
· In the DCI of PDSCH with feedback-disabled HARQ processes, the C-DAI and T-DAI are given a reserved value.
· Alt-3: HARQ-ACK codebook only includes HARQ-ACK of enabled PDSCH.
· C-DAI/T-DAI value in DCI scheduling enabled PDSCH is counted for enabled PDSCH
· C-DAI/T-DAI value in DCI scheduling disabled PDSCH is counted for disabled PDSCH.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK25][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK40][bookmark: OLE_LINK41]The difference between Alt-1 and Alt-2 is the DAI value of PDSCH with feedback-disabled HARQ processes. Compared with Alt-2, Alt-1 is more reliable when the UE misses a certain DCI. The example of Alt-1 is as shown In the figure 2. For example, if the DCI of the feedback enabled process is missed by the UE in monitor occasion m=3, the UE generates 5 HARQ-ACK information bits according to the DAI filed of the last two DCIs. When this happens in Alt-2, UE would determine the total number of HARQ-ACK bits for the dynamic codebook as 4.This would lead to inconsistent understanding between the gNB and the UE. Regarding Alt 3, it can provide additional information on whether DCI for disabled HARQ process is missed by a UE. However, it makes no sense for scheduling because of no HARQ-ACK feedback for disabled HARQ process. So we prefer to support Alt-1, in which the counter DAI and total DAI for a PDSCH with a feedback disabled HARQ process are the same as the last PDSCH with a feedback enabled HARQ process. Furthermore, a UE can simply ignore counter DAI from a PDCCH that is associated with a feedback disabled HARQ process. If total DAI is present, the last one indicating the sum of all the scheduled PDCCHs is associated with feedback enabled HARQ process.
Moreover, when the PDSCHs with feedback-disabled HARQ processes is scheduled before the first PDSCH with feedback-enabled in monitor occasion m=0, the the C-DAI and T-DAI value in DCI filed of the PDSCHs with feedback-disabled HARQ processes should be all set to ‘00’.


Figure 2 Type2 codebook with disabling and enabling HARQ-ACK feedback

Proposal 4: Type 2 HARQ-ACK codebook can be optimized, and the counter DAI and total DAI for a PDSCH with a feedback disabled HARQ process are the same as the previous PDSCH with a feedback enabled HARQ process.
Regarding SPS case, if activation and release are not received correctly by UE, it will cause data transmission mess and signal interference in a long period of time. In order to ensure the reliability, it is necessary to report feedback for the first SPS PDSCH reception and the release. Therefore,UE expects that only one HARQ process with feedback for DL scheduling is configured for the scheduling of SPS PDSCH via RRC signalling. 
Proposal 5: For SPS case, the HARQ-ACK feedback for activation and release command can be enabled.  
Type-3 HARQ codebook is added in NR Rel-16, which is dedicated for NR-U and the feedback is provided on all HARQ processes in one shot. We think the NTN scenarios don’t involve NR-U, so Type-3 HARQ codebook don’t need discussion in NTN. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]In conlusion, for type 1 HARQ-ACK codebook, it seems no reason to introduce new design. With same overhead, no need to restrict ACK/NACK feedback. For type 2 HARQ-ACK codebook, we may make some enhancements on type 2 HARQ-ACK codebook from saving overhead perspective. For type 3 HARQ-ACK codebook, it is no need for NTN.
Proposal 6: Type 3 HARQ-ACK codebook is not needed in NTN case.

0. Restriction on HARQ feedback disabling
According to agreement above on HARQ feedback disabling at RAN1#102e[2], Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signalling. However, if HARQ feedback is totally disabled for one UE, the MAC signalling efficiency and reliability will be challenged. For example, if UE doesn’t detect one MAC packet carrying signalling information and will not send acknowledgement to gNB, then the gNB will wait for long time and take next steps, obviously, it is untolerable. Therefore, totally disabling the HARQ feedback should be avoided, and at least one HARQ process with feedback needs to be configured.
Proposal 7: UE expects that at least one HARQ process with feedback is configured for the scheduling of MAC-CE. 
0. Enhancement on the transmission
Since satellite communication sometimes works in harsh weather conditions, such as heavy rain, some proposals for transmission enhancement were raised in the last meeting. A few candidates are listed based on last meeting discussion:
· Enhancements on aggregated transmission (including repetition) 
· Enhancements on MCS (including CQI report)
For slot aggregation, it is also a NR Rel-15 feature, which is used for enhancement on transmission of downlink and uplink, then it is nature to use it as the baseline to improve the reliability. And we do see the benefit of having larger aggregation/repetition factor. 
Considering the rain and cloud attenuation in NTN channel, UE will suffer from very low SINR. It is better to provide more robustness in specification defining. Then one simple way is to increase repeated transmission times. More specifically, it should allow to configure larger slot-aggregation/repetition factor. So far, NR only defines 8 repetitions at most, so it is expected to support more 8 repetitions, e.g 16 or 32. Thus, only one RRC parameter is changed, no additional specification impact.  
Proposal 8: Slot aggregation factor can be extended to 16 for very low SINR case.
Considering time selectivity of NTN channel, the time interleaved slot aggregation scheme can be considered. The motivation is that NTN system will have residual doppler shift in most of time, so the time interleaved slot aggregation will achieve the diversity gain. One detailed illustration is shown in the Figure 3. Two slot-aggregations are assoicated with different HARQ processes, and transmission redundant verison is interlocked. For the time gap between two repeated transmissions, RRC signalling can be used to indicate it.

                     
[bookmark: _Ref54345388]Figure 3 time interleaved slot aggreation transmission.
Proposal 9: Support time interleaved slot aggregation to improve transmission reliability.
For MCS enhancement, we need to analyze it on top of URLLC feature with the BLER targets at 10% and 0.001% two MCS tables. In addition, in most of cases, NTN channel is similar to AWGN channel due to strong LOS presence. So small fluctuation of SINR will have significantly impact to CQI estimation, but larger feedback delay in NTN scenario will eat the gain of finer CQI reporting since it is impossible to get very accurate CQI. Hence, we think the motivation to enhance the MCS/CQI is not so strong.
Proposal 10: There is no need for the enhancement on MCS.
0. PDSCH scheduling restriction
Regarding the PDSCH scheduling restriction for HARQ disabling, there is one agreement based on last meeting discussion.
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

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]As defined in TS38.213, following principle is supported for the PDSCH scheduling via same HARQ process with enabled feedback: 

If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message. 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK1]Herein N1 is based on µ for UE processing capability, which includes HARQ-ACK preparation time in PDSCH processing time for a DL HARQ process with enabled. For a DL HARQ process with disabled HARQ feedback, the HARQ-ACK preparation time is not needed, therefore it is necessary to modify HARQ management and feedback based on last meeting agreement as follows:

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  after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.

Herein is based on µ for UE processing capability which includes PDSCH decoding processing time only for a DL HARQ process with disabled, and µ corresponds to the one of (µPDCCH, µPDSCH) resulting with the largest X, and other parameter is same as NR Rel-16. 
Proposal 11: The minimum time gap between two neighboring disabled PDSCHs with same HARQ ID should not include HARQ-ACK preparation time
Based on last meeting discussion, one remaining issue is that whether the TB of the two PDSCHs needs to be different. If one PDSCH is configured with HARQ disabling, UE is not expected to do signal combination, by instead clean the buffer immediately. Hence, if two neighbouring PDSCH with same HARQ process ID are configured with same TB, UE will suffer from hard decision, either waiting for next PDSCH for combining, or drop the PDSCH to clean the buffer. For the former option, the arrival time of next PDSCH is not easy to predict so UE should keep the buffer for a long time, for the latter case, it may cause the confusion since two neighbouring PDSCH belongs to same TB, in general case UE should do the combination. Therefore, in order to give one clear indication to UE operation, the two neighbouring PDSCHs with same HARQ process ID should be different, at least from UE perspective.   
Proposal 12: From UE perspective, the TBs of two neighboring PDSCHs with same HARQ ID in HARQ disabling case should be different.
Conclusion
In the previous sections, we analyzed potential issues of HARQ impact due to longer propogation delay in NTN. We raised a set of observations and solutions for HARQ operation enhancement: 
Observation 1: HARQ ID indication using slot index as the LSB seems reasonable.
Observation 2: Additional HARQ bit can be taken from second block DCI field if only one layer tansmission supported in NTN.  
Proposal 1: Consider to use slot index or DCI field of second block as additional HARQ bit indication to support 32 HARQ processes in DCI 0-2/1-2 and DCI 0-1/1-1.
Proposal 2: [bookmark: _GoBack]Maximum 16 HARQ processes for DCI 0-0 and maximum 8 HARQ processes for DCI 1-0 can be supported. 
Proposal 3: No enhancement is needed for type 1 HARQ-ACK codebook.
Proposal 4: Type 2 HARQ-ACK codebook can be optimized, and the counter DAI and total DAI for a PDSCH with a feedback disabled HARQ process are the same as the previous PDSCH with a feedback enabled HARQ process.
Proposal 5: For SPS case, the HARQ-ACK feedback for activation and release command can be enabled.  
Proposal 6: Type 3 HARQ-ACK codebook is not needed in NTN case.
Proposal 7: UE expects that at least one HARQ process with feedback is configured for the scheduling of MAC-CE. 
Proposal 8: Slot aggregation factor can be extended to 16 for very low SINR case.
Proposal 9: Support time interleaved slot aggregation to improve transmission reliability.
Proposal 10: There is no need for the enhancement on MCS.
Proposal 11: The minimum time gap between two neighboring disabled PDSCHs with same HARQ ID should not include HARQ-ACK preparation time.
Proposal 12: From UE perspective, the TBs of two neighboring PDSCHs with same HARQ ID in HARQ disabling case should be different.
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