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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For the enhancements on NTN HARQ, there were some discussions on 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:
For DCI indicating SPS PDSCH release, HARQ-ACK report is as in Rel-16.
Conclusion:
For DCI 0-0/1-0, no enhancement to support indication of more than 16 HARQ processes is considered in Rel-17.

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_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]It was discussed whether to determine the maximum number of processes based on UE capabilities at RAN1#103e[2]. Regardless whether the UE capability report is supported, UE expects that the network can configure a maximum of 16 processes in the fallback case. 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 by default.
Proposal 1: 32 processes can be supported based on UE capability.

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 three main different types of codebook determination mechanism, called Type-1、Type-2 and Type-3 in the NR Rel-16. 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, the possible candidate solutions are listed as follows for Type-1 codebook feedback:
Case1：For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, the UE will report NACK only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.
Case2：For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE (down-select between Option-1 and 1a)
· Option-1: the UE should skip the codebook feedback at least when the feedback is carried by PUCCH
· FFS: the case that feedback is carried by PUSCH.
· Option-1a: the UE should skip the codebook feedback, the UE should skip the HARQ codebook feedback when it is not multiplexed with other feedback in the same UCI.
For the case 1, we still prefer the real NACK/ACK reported by the UE. With this method, the network will get decoding result of a PDSCH in UE side so that it can adjust the transmission parameters, e.g. aggregation factor, MCS, etc.
For the special case of only DCI carrying feedback-disabled HARQ process is detected by UE, the case that feedback is carried by PUSCH should be a problem. In order to minimize spec impact and unified UE behavior, so for all two cases, 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. The example is as shown Figure 1.



[bookmark: _Ref67417856]Figure 1 Type-1 codebook with disabling and enabling HARQ-ACK feedback
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]
Proposal 2: For Type-1 HARQ codebook in NTN, The UE will report NACK/ACK depending on the decoding results of corresponding PDSCH Regardless of the feedback-disabled or feedback-enabled HARQ process. 
[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. Type-2 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, it has been agreed that the C-DAI and T-DAI are the count of only feedback-enabled processes for the DCI of PDSCH with feedback-enabled HARQ processes. As for the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-disabled HARQ processes, a proposal is made as follows for Type-2 codebook feedback from the last meeting discussion:
For the DCI of PDSCH with feedback-disabled HARQ processes, the following option (from prior agreement) is supported for Type-2 codebook:
· For codebook generation, the UE assume that the C-DAI and T-DAI of the DCI of PDSCH with feedback-disabled process is the same as the C-DAI and T-DAI of the most recently transmitted DCI of PDSCH with feedback-enabled process by gNB.
· FFS: the case that all DCIs of PDSCH are associated with feedback-disabled HARQ process.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK40][bookmark: OLE_LINK41]The example of this proposal 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,so as to ensure that the gNB and the UE have the same understanding of the size of the HARQ codebook. So we prefer to support the proposal, in which the C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented, and are taken into account by the UE for Type-2 codebook generation.
For the FFS which all DCIs of PDSCH are associated with feedback-disabled HARQ process, no HARQ-ACK codebook is sent by UE for power and resource saving.
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’. 


[bookmark: _Ref67417843]Figure 2 Type-2 codebook with disabling and enabling HARQ-ACK feedback (multiple serving cells )

Proposal 3: Type-2 HARQ-ACK codebook can be optimized, and the C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented for feedback-disabled process.

For SPS PDSCH which is not scheduled by corresponding PDCCH, the proposal is made as follows:
· Option-1: All HARQ process associated to SPS PDSCH should be feedback-enabled
· Option-2: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per HARQ process.
· Option-3: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per SPS configuration.
Since the minimum SPS period configured by the higher layer is one slot, when Option-1 is applied, large HARQ-feedbak enable processes is needed for GEO because of long RTT, which violates the original intention of HARQ-feedbak disable. For SPS service, in general, the service quality should be same for all assoiated PDSCH, per HARQ process disabling is not one good choice. Moreover, since the HARQ process index is pre-defined, reusing HARQ process ID in long RTT is problematic. Hence, for SPS case, the feedback for the HARQ process associated to SPS PDSCH reception transmission can be disabled per SPS configuration.
Proposal 4: For SPS PDSCH reception transmission, the feedback for the HARQ process associated to SPS PDSCH reception transmission can be disabled per SPS configuration. 
Regarding SPS case, if activation is 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, the feedback for the first SPS PDSCH is supported in Rel-15. However, when the feedback for the HARQ process associated to SPS PDSCH is disabled by RRC, there is no feedback for the first SPS PDSCH. Therefore, ACK/NACK is reported by UE for DCI indicating SPS PDSCH activation when the feedback for the HARQ process associated to SPS PDSCH reception transmission is disabled.
Proposal 5: [bookmark: OLE_LINK17][bookmark: OLE_LINK18]ACK/NACK is reported by UE for DCI indicating SPS PDSCH activation when the feedback for the HARQ process associated to SPS PDSCH reception transmission is disabled.
Although it has been agreed that the Type-3 is still applicable for licensed spectrum in RAN1#103e[2], and it is still an optional UE feature and its performance is always worse than Type-2 which is a mandatory UE feature. There is no need to support and enhance it in NTN.
Proposal 6: Type-3 HARQ-ACK codebook is not needed in NTN case.
[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.

PDSCH/PUSCH scheduling restriction
The OOO issue (out of order HARQ feedback scheduling restriction for PDSCHS with different HARQ process IDs) with consideration on the joint existence of feedback-enabled and feedback-disabled HARQ process has been discussed in last meeting. Following views are shared by companies:
· For the case that either one or all of two PDSCHs is associated with feedback-disabled HARQ process
· The following legacy restriction is applied at least in case that HARQ-ACK feedback is reported for feedback-disabled HARQ process:
· In a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, and the HARQ-ACK for the two PDSCHs are associated with the HARQ-ACK codebook of the same priority. 
· In a given scheduled cell, the UE is not expected to receive a first PDSCH, and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH if the HARQ-ACK for the two PDSCHs are associated with HARQ-ACK codebooks of different priority
· For the PDSCH associated feedback-disabled HARQ process, the determination of the resource assigned for the HARQ-ACK feedback is same as the case that this PDSCH is associated with feedback-enabled HARQ process at least in case that HARQ-ACK feedback is reported.
· FFS: The HARQ-ACK feedback is true HARQ-ACK or an artificially generated value
Since the OOO issue is a NR feature, which is used for unnecessary waste of resources and power, then it is nature to use it as the baseline with consideration on the joint existence of feedback-enabled and feedback-disabled HARQ process. And when HARQ-ACK feedback needs to be reported for Type-1 codebook generation, the time domain resource assignment and PDSCH-to-HARQ feedback timing indication field are also valid for the PDSCH associated feedback-disabled HARQ process, and the HARQ-ACK feedback is true HARQ-ACK, which is the real decoding result. Otherwise, the feedback is meaningless. 
Proposal 7: The OOO legacy restriction is applied when feedback-disabled is configured.
Proposal 8: The HARQ-ACK feedback should be true HARQ-ACK in case that HARQ-ACK feedback is reported for feedback-disabled HARQ process.

Restriction on HARQ feedback disabling
According to agreement above on HARQ feedback disabling at RAN1#102e[3], Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signalling. Some companies proposed that MAC signalling is associated with HARQ-ACK feedback or not depends on gNB scheduling. However, if HARQ feedback of MAC signalling is disabled, the 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, UE expects that any PDSCH carrying a MAC CE command, whose activation/deactivation time is coupled to the transmission time of the associated HARQ-ACK, is scheduled via a HARQ process with HARQ feedback enabled.
Proposal 9: UE expects that at least one HARQ process with feedback is configured for the scheduling of MAC-CE. 

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. 
The maximum number of supported aggregation factor (i.e., pdsch-AggregationFactor) for DL PDSCH is [X]
· FFS: X = 8, 16 or 32
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. 
Proposal 10: Slot-aggregation factor can be extended to 16 for very low SINR case.  
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.  
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 11: 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 12: There is no need for MCS enhancement.

Conclusion
In the previous sections, we analyzed potential issues of HARQ impact due to longer propogation delay in NTN. We raised a set of solutions for HARQ operation enhancement: 
Proposal 1: 32 processes can be supported based on UE capability.
Proposal 2: For Type-1 HARQ codebook in NTN, The UE will report NACK/ACK depending on the decoding results of corresponding PDSCH Regardless of the feedback-disabled or feedback-enabled HARQ process. 
Proposal 3: [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Type-2 HARQ-ACK codebook can be optimized, and the C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented for feedback-disabled process.
Proposal 4: For SPS PDSCH reception transmission, the feedback for the HARQ process associated to SPS PDSCH reception transmission can be disabled per SPS configuration. 
Proposal 5:  ACK/NACK is reported by UE for DCI indicating SPS PDSCH activation when the feedback      for the HARQ process associated to SPS PDSCH reception transmission is disabled.
Proposal 6: Type-3 HARQ-ACK codebook is not needed in NTN case.
Proposal 7: The OOO legacy restriction is applied when feedback-disabled is configured.
Proposal 8: The HARQ-ACK feedback should be true HARQ-ACK in case that HARQ-ACK feedback is reported for feedback-disabled HARQ process.
Proposal 9: UE expects that at least one HARQ process with feedback is configured for the scheduling of MAC-CE. 
Proposal 10: Slot aggregation factor can be extended to 16 for very low SINR case.
Proposal 11: Support time interleaved slot aggregation to improve transmission reliability.
Proposal 12: There is no need for MCS enhancement. 
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