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For the enhancements on HARQ, there were some discussions on HARQ process ID number, Disabling/enabling HARQ feedback, transmission enhancement and HARQ feedback enhancement etc in SI stage. In last meeting, a few agreements on HARQ were concluded as follows [1]: 
Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signalling.

Agreement:
The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling

Proposal:
Enhancement on the HARQ-ACK codebook can be investigated for DL transmission scheduled by HARQ process with disabled feedback.

Based on the discussion in past meeting，there were still many issues which need be discussed further, more specifically, including the following five aspects: 
· HARQ process ID indication 
· Mechanism for disabling/enabling HARQ feedback
· Enhancement on HARQ-ACK codebook
· Enhancement on the transmission
· Enhancement on HARQ feedback

In this contribution, we further analyze technical issues and propose some solutions in HARQ enhancement in NTN.

Discussion 
0. HARQ process ID indication
It had be confirmed that the maximal supported HARQ process number is up to 32 in last meeting. In NR, at most 16 HARQ processes have been supported. In NTN case, currently only single layer transmission has been evaluated in scenario configuration. Hence, if single layer transmission is a common sense, 32 HARQ processes can be supported without any challenages to UE implementation in NTN scenarios. In this context, UE capability report is meaningless. 
Proposal 1: At most 32 HARQ processes can be supported without UE capability report if only single layer transmission is assumed in NTN.
As specified in TS 38.214, for downlink, maximum 16 HARQ processes per cell is 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 needed. Hence, similarly, in NTN case, a default HARQ process configuration should be considered.
Proposal 2: Specify supported HARQ process number for fallback case.  
Since the maximal supported HARQ process number is up to 32, there is one remaining issue needed to consider, this is to say, how to configure HARQ ID more than 16 in the DCI. There are some possible solutions based on previous discussuions to address this issue:
· Explicit signalling: re-interpreting the DCI fields,
· Implicit signalling.
· Slot/SFN-based solution
· DMRS based solution
· CCE index
· Additional scrambling for scheduling grant
· Reuse HARQ process ID time window/segments

For re-interpreting the DCI field, we notice that DCI indication about second data block can be re-interpreted if NTN may only require one stream transmission. If reusing DCI fields of second data block indication, one additonal bit indication for 32 HARQ process is easy to implement it.
Proposal 3: Re-interprete DCI field to indicate 32 HARQ indexes.  

0. Mechanism for disabling/enabling HARQ feedback
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Based on the conclusion in last meeting, 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 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. It is recommended that the first HARQ process for each UE can be set to HARQ feedback enabling.
Proposal 4: Keep at least one HARQ process with feedback if UE specific disabling is configured.	
Next, the necessity to enable different configuration on parameter(s) for each HARQ process with/without feedback is discussed. A few parameters are listed based on last meeting discussion:
· Aggregation factor
· MCS table
· Time domain resource allocation table
· Frequency resource allocation type 0 and type 1
· Block error rate target
· Physical resource block (PRB) bundling configuration
· PDSCH mapping type A and type B

From specificaiton perspective, a unified solution is preferred for with and without HARQ for transmission enhancement. From technical point of view, we don’t see clear reason to differentiate it. For NTN, sometimes it will experience very low SINR, e.g. rain attenuation, and then reliability can be enhanced even if with HARQ feedback. We can’t define a mechanism only used for HARQ disabling case. Related to specific transmission parameters, it can be discussed case by case. For aggregation factor extension, it owns clear benefits since it can resist low SINR impact in NTN hostile scenarios. For example, aggregation factor can be extended to 16 for very low SINR case. Regarding MCS tables and BLER target, currently NR specification has defined the MCS table with the BLER targets at 10% and 0.001%. Taking into account NTN channel condition, the difference between different BLER targets is quite small, so the motivation to define new MCS tables and BLER targets is not so strong. For other configuration parameters, we don't see the need for enhancements. 
Proposal 5: A unified solution of configuration parameter is preferred for with and without HARQ .
Proposal 6: Support more than 8 repetitions in slot-aggreation transmission.
0. Enhancement on HARQ-ACK codebook
In term of HARQ-ACK codebook, the 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.  
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, so one simple approach is to insert ACK or NACK depending on the decoding results of the PDSCHs in the positions corresponding to PDSCHs associated with feedback disabled HARQ processes and enabled HARQ process. The example is as shown Figure 1.


[bookmark: _Ref53593591]Figure 1 Type1 codebook with disabling and enabling HARQ-ACK feedback
[bookmark: _Hlk20352267]Type 2 is 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 is designed to save the overhead, so we should make some enhancements on dynamic HARQ-ACK codebook with disabling/enabling HARQ feedback. The gNB does not need to increase the counter DAI and total DAI for a PDCCH that is associated with a feedback disabled 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, it indicates the sum of all the scheduled PDCCHs associated with feedback enabled HARQ process.The example is as shown Figure 2.


[bookmark: _Ref53593649]Figure 2 Type2 codebook with disabling and enabling HARQ-ACK feedback
Type-3 HARQ codebook is added in R16-NR, 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 7: No optimization is needed for type 1 HARQ-ACK codebook and no touch on type 3 HARQ-ACK codebook.
Proposal 8: Type 2 HARQ-ACK codebook can be optimized for NTN from saving overhead perspective.

0. Enhancement on the transmission
Since satellites sometimes work in harsh weather conditions, such as heavy rain, some proposals for transmission enhancement were raised in the last meeting. Related techiques are listed in the follows:  
· Blind retransmission
· Larger aggregation/repetition factor
· CQI table with new BLER target
· UCI
· UE assistance information
· Pre-active feedback 

One interpretation for blind retransmission is to schedule same packet with PDSCH/PUSCH with DCI but without waiting for the transmission of the HARQ feedback. Blind retransmission can bring diversity gain similar with slot aggregation at the expense of DCI, however the additional benefit over slot aggregation is not clear by taking into account NTN channel condition. Actually transmission intervals can be defined to enhance slot aggregation. Therefore, we don’t see the need to support blind retransmission. 

Observation 1: Blind retransmission doesn’t show clear benefits over slot aggregation but with redundant DCI indication. 

Proposal 9: Blind retransmission is not supported in NTN case. 

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. Firstly, we see the benefit of having larger aggregation/repetition factor. Secondly, we think that there should use same enhancement on transmission for with disabling HARQ-ACK feedback and enabling HARQ-ACK feedback.  
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 10: Slot aggregation factor can be extended to 16 for very low SINR case.

When a HARQ process is disabled, in order to improve the reliability, several ways can be used to reduce the re-transmission possibility. In [3], a few of solutions were summarized. For setting a lower BLER target, it is one simpler way to improve the transmission reliability. It is noted that in Rel-15 when URLLC feature is enabeld, the lower BLER target is allowed. 
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. 

0. PDSCH/PUSCH transmission with disabling HARQ-ACK feedback
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In NR Rel-15, constraints on PDSCH transmissions are defined and some are with respect to HARQ-ACK timeline. The following related constraints for PDSCH transmissions as quoted from [4] are:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH.as shown in Figure 4(a)
· The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [5]. as shown in Figure 4(b)
· In a given scheduled cell, the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. as shown in Figure 4(c)
· In a given scheduled cell, for any PDSCH corresponding to SI-RNTI, the UE is not expected to decode a re-transmission of an earlier PDSCH with a starting symbol less than N symbols after the last symbol of that PDSCH, where the value of N depends on the PDSCH subcarrier spacing configuration , with N=13 for =0, N=13 for =1, N=20 for =2, and N=24 for =3. as shown in Figure 4(d)


              
(a)                                     (b)


  
(c)                                     (d)
[bookmark: _Ref53525800]Figure 4 Timeline Constraints on PDSCH transmission
It has been agreed to allow disabling/enabling of DL HARQ feedback on per UE and per HARQ process basis. Consequently, a UE can have some DL HARQ processes with HARQ-ACK feedbacks and some without. For HARQ processes with disabling HARQ-ACK feedback, these timeline constraints don’t exist, but for with HARQ-ACK feedback case, time gap between two PDSCHs of a same HARQ process is still needed.  
As presented in section 2.4, blind retransmission is not supported from our view. In this sense, if UE is not expected to receive same data packet with same HARQ process in adjacent slots when HARQ feedback of one HARQ process is disabled in PDSCH transmission, naturally, the time gap is not necessary to configure. 
Observation 2: Define a minimum time gap between two PDSCHs of a HARQ process without HARQ-ACK feedbacks，which is necessary only for the blind retransmission.
Proposal 12: No need to define a minimum time gap for without HARQ-ACK feedback case if blind retransmission is not supported. 

0. Enhancement on HARQ feedback
Some companies proposed an enhancement with pre-active feedback for handling the larger RTT for ACK/NACK feedback in last meeting. In this method, the ACK/NACK will be fed back to gNB prior to the reception of re-transmission. There are some problems with the “pre-active” feedback. At first UE feedback in current NR is under network control. Such UE initiated “pre-active” feedback is against basic design principle. It is not expected to break the original NR framework, and furthermore the benefits are uncertain. For other mechanism, the benefits are not clear either. Hence, there is no need for enhancements on HARQ feedback. 
Observation 3: There is no need for the enhancement on HARQ feedback.

Conclusion
In the previous sections, we analyzed potential issues of HARQ impact due to longer propogation delay in NTN. We proposed a set of solution to enhance HARQ operation: 
Proposal 1: At most 32 HARQ processes can be supported without UE capability report if only single layer transmission is assumed in NTN.
Proposal 2: Specify supported HARQ process number for fallback case.  
Proposal 3: Re-interprete DCI field to indicate 32 HARQ indexes.  
Proposal 4: Keep at least one HARQ process with feedback if UE specific disabling is configured.	
Proposal 5: A unified solution of configuration parameter is preferred for with and without HARQ .
Proposal 6: Support more than 8 repetitions in slot-aggreation transmission.
Proposal 7: No optimization is needed for type 1 HARQ-ACK codebook and no touch on type 3 HARQ-ACK codebook.
Proposal 8: Type 2 HARQ-ACK codebook can be optimized for NTN from saving overhead perspective.
Proposal 9: Blind retransmission is not supported in NTN case. 
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: No need to define a minimum time gap for without HARQ-ACK feedback case if blind retransmission is not supported.  

Based on discussion of the previous sections, we made the following observations:
Observation 1: Blind retransmission doesn’t show clear benefits over slot aggregation but with redundant DCI indication. 
Observation 2: Define a minimum time gap between two PDSCHs of a HARQ process without HARQ-ACK feedbacks，which is necessary only for the blind retransmission.
Observation 3: There is no need for the enhancement on HARQ feedback.
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