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1 Introduction
In RAN1#103e meeting [1] , following agreements on the HARQ enhancements are achieved:

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

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

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 addition, as summarized in [2], there are also others topics have been discussed without consensus. In this contribution, further views on the enhancement for HARQ procedure are elaborated with corresponding analysis and results to address the remaining issues. 

2 Discussion on the enhancement of HARQ in NTN

2.1 Enhancement on the HARQ process number

As the agreements mentioned before, four options have been identified to enable the transmission with larger HARQ process number (e.g., up to 32 for both DL/UL). The intrinsic feature of each solution are analysis below:
1. Scheduling flexibility

With consideration on the usage of HARQ process, the corresponding impacts on the scheduling mainly refers to the flexibility of indication (usage) on same HARQ process ID for either initial or re-transmission.  In the current spec, the gNB has the full flexibility to achieve it via updating the bits field in DCI (including blind re-transmission) for each scheduling at any slots. 
From this aspect, same flexibility can be achieved via Option 2 and Option 3. For example, in Option 2, once the “one bit” from other bits field in DCI (e.g., MSB of RV) is taken for re-interpretation, the corresponding HARQ process number ID can be indicated via bits combination “XABCD” or “ABCDX” (“X”: refers to the bit taken from other field, “ABCD” is the original HARQ bit field).

However, for Option 1/1a, the determination of final HARQ process number (i.e., determination of ‘X’) is coupled with the timing instant (i.e., slot index) for scheduling with obvious restriction. More specifically,

· For Option 1:

In this case, the time-information, e.g., slot index, is interpreted as the MSB (e.g., bit “X”) for final HARQ ID determination via corresponding bits combination, e.g., “XABCD”. In addition to the transition approach in [3], another example for final HARQ ID calculation is shown as below:
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 refers the maximal supported value by existing HARQ bit-field, e.g., 16.
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is the HARQ process ID indicated by existing HARQ bit-field.

· For Option 1a:

In this case, the time-information, e.g., slot index, is interpreted as the LSB (e.g., bit “X”) for final HARQ ID determination via corresponding bits combination, e.g., “ABCDX”.  Then, the final HARQ ID (e.g., shown in Figure 1) can be calculated as:
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Here, 
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 refers the maximal supported value by existing HARQ bit-field, e.g., 16.

The [image: image12.png]scalor



 is the ratio for HARQ process number enlarging,
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is the HARQ process ID indicated by existing HARQ bit-field.
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Figure 1 Illustration on the HARQ ID for Option 1a

According to the comparison, it can be found that the reuse of HARQ process number will be achieved per two slots for both Option 1 and Option 1a, but the latter one is preferred since it’s friendly for buffer management with continuous scheduling. 
2. Specification impacts 
Among all three options, much more impacts are foreseen w.r.t the Option 1/1a. In this way, additional specification efforts to define the mapping between time-information and HARQ process ID is needed. Meanwhile, corresponding restriction for scheduling should also be provided with poor compatibility in case of application with TDD (e.g., HAPS).

For other two solutions: 
· Option 2

Less specification impact is expected since the re-interpretation of additional bit field only occurs on the configured maximal HARQ process number is larger than 16. Such mechanism is applicable for all DCI formats, especially for DCI X-0/1. For example, during the initial access stage, without any indication on the maximum HARQ process number, the UE will interpret the DCI 0-0/1-0 as usual according to the corresponding RNTI, e.g., RA-RNTI, TC-RNTI. Then, during the connected mode, the new interpretation can be used regardless of RNTI, e.g., MCS-C-RNTI or C-RNTI. 

· Option 3

In this way, the directly extension of existing HARQ bits field (i.e., from 4 to 5 bits) is expected. From specification perspective, such solution can be considered in case of DCI format 0/1-2, in which, the bit-length of all fields are up to the RRC configuration. However, this format is introduced mainly for Rel-16 URLLC and taken as the optional capability per UE (i.e., FG 11-1[4]).  For other formats, e.g., DCI 0/1-0/1, extension on the bit field will lead to changes on the DCI size and the corresponding impacts is larger including DCI decoding performance.

Then, according to the analysis above, to enable the enlarged HARQ process number indication, the solution with Re-interpretation of bits in DCI is preferred (Option-2), (e.g., at least for DCI 0-0/1-0 and 0-1/1-1) with well tradeoff on the flexibility and specification impacts.

Proposal 1: Re-interpretation of bits in DCI should be considered as the baseline to support the HARQ process indication with extended maximum HARQ process number.

2.2 Considerations on the HARQ codebook enhancements

With consideration on the disabling of HARQ feedback, additional enhancements on the HARR codebook can be considered based on the HARQ codebook types in existing specification. 

More specifically, 

· W.r.t the Type-1 codebook:

For the Type-1 codebook, the bits are counted along time domain to capture the required feedback within one codebook. In NTN case, since only partial of slots may be used for the transmission with enabled HARQ codebook. As one potential way, enhancements can be considered by only allowing the feedback for HARQ ACK enabled case. However, with consideration on the potential misdetection of DCI, there is potential ambiguity at BS side to interpret the feedback, e.g., the DCI carrying disabled HARQ ID is missing and NACK will be feedback. So, in this way, there is no need to further enhance the Type-1 codebook.
· W.r.t the Type-2 codebook:

For the Type-2 codebook determination in dynamic way, in existing specification, the codebook is constructed based on the {cDAI, tDAI} according to the reception of scheduling.  According to the Option-1 listed in previous agreement:

· 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

The optimization on the existing C-DAI and T-DAI counting can be achieved by introduce additional counter, e.g., tDAI2, which will be used to only count the number of scheduling with enable HARQ feedback. Then, the final codebook will be up to the value of tDAI2. 

Moreover, w.r.t FFS for SPS part, similar as the identified issue for MAC CE, in order to avoid the potential ambiguity, the scheduling with enabled HARQ feedback may be expected for these case.

· W.r.t the Type-3 codebook:

In last meeting, following the agreement below, the Type-3 codebook is also supported for licensed band.

Agreements:

· The FG10-15/16 are also applicable to licensed bands
· The FG10-20a is also applicable to licensed bands
· Note: this agreement should not cause any specification impact
Where 

	10-16
	One-shot HARQ ACK feedback
	1. Support feedback of type 3 HARQ-ACK codebook, triggered by a DCI 1_1 scheduling a PDSCH

2. Support feedback of type 3 HARQ-ACK codebook , triggered by a DCI 1_1 without scheduling a PDSCH using a reserved FDRA value


According to existing specification, the procedure for codebook size determination is up to all supported HARQ process as defined below:
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In this way, as one potential solution to reduce the codebook size is just to allow the feedback for HARQ process with enabled ACK-NACK as shown in Figure 2:
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Figure 2 Illustration of ACK-NACK codebook for Type-3
Proposal 2: For Type-2 codebook, enhancement to enable the DAI counting only for HARQ process with enabled feedback is supported via introducing of additional parameters. 

Proposal 3: For Type-3 codebook, enhancement can be enabled by only allowing the ACK-NACK generation for HARQ process with enabled feedback.
2.3 Enhancement for performance improvement

In last meeting, the performance enhancement for transmission is proposed for ensure the UL transmission for mobile UE with lower antenna gain [5] and also DL performance in case of disabled HARQ process.

· W.r.t the mobile UE issue:

In addition to the updated the WI in [6], additional note to highlight the baseline assumption for UE parameters are also added as conclusion [7]:

Conclusion: 
The proposals 1-5 of 6.1 and proposals 1-3 of 6.2 of the conclusion section are endorsed.
Note: For handheld devices and “VSAT” devices, simulation assumptions in TR 38.821 are considered as a baseline for the WI phase.
Meanwhile, w.r.t the parallel WI for coverage enhancement, following note is added in the WID [8]:
It is noted that techniques for enhancing coverage specified in this WI are also applicable for NTN use cases; however, there is no specific optimization of coverage enhancement techniques for NTN in this work item.

According to the above analysis, the evaluation of basic performance for NTN supporting the mobile UE can be considered based on the link budget results listed in Table 6.1.3.3-1 [9]. Once the performance gap is identified which is beyond the target in coverage enhancement WI, potential enhancement can be considered. 

Proposal 4: The link budget listed in 38.821 can be used to evaluate the UL performance for mobile UE with consideration on the potential enhancements introduced in coverage enhancement WI.

· W.r.t the disabled HARQ process

In the previous discussion, following two kind of enhancement are proposed to enhance the performance for DL transmission in case of scheduling with disabled HARQ feedback:

1. Parameters configurations

In this way, different parameters configuration on following aspects are expected for the case with enable or disabled HARQ feedback.

· 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
2. Additional mechanism

In this way, following solutions are proposed to enhance the performance for transmission in case of disabled HARQ process number. 

· Blind transmission:

· Larger aggregation/repetition factor:

· CQI with new BLER target

· UCI including DL decoding Infor/MCS request

· UE assistance information 

· Pre-active feedback

In NTN case, the main issue for transmission with disable HARQ process number is to achieve the efficient transmission (e.g., tradeoff on the reliability of initial transmission and latency). From this perspective, the following parts can be prioritized:

1. Larger aggregation/repetition factor:

In NTN case, especially GEO, the lower SINR is expected for transmission/reception. Once the HARQ feedback is disabled, the combination gain between initial and following retransmission may not be available (e.g., the typical combination for the case with enabled HARQ feedback will be: 4*4 = 16). In this way, enlarged aggregation factor can be considered to achieve same combination gain for the transmission without feedback.  Since the intention is to improve the transmission for HARQ disable case only, based on current signaling mechanism, the simplest enhancement with minor spec impact is to introduce different aggregation factor configuration. For example, one additional value be added in existing RRC, e.g., pdsch-AggregationFactor. Once configured, the 1st and 2nd value are assumed for the transmission with and without enabled HARQ process number, respectively.  The determination of each value, especially for the 2nd value, is up to the gNB based on the collected information/prediction of long-term channel condition.

2. Reduced DM-RS density

In current specification, the time domain density of DM-RS within each scheduling can be flexible adjusted with configuration on the number of additional DM-RS with same pattern cross PRB in frequency domain and cross slots for the aggregated transmission. In NTN case, since limited number of multi-paths has been identified for the transmission with almost LoS condition, the coherence bandwidth in frequency domain is expected to be much larger than terrestrial network. Therefore, further reduction of DM-RS density for each transmission can be considered with performance gains.

For example, following three cases are defined for the performance evaluation with the assumption defined in Table 1.

· Case 1: As the baseline assumption, the NR RS pattern for transmission is assumed, e.g., Same DM-RS pattern is used per RB in frequency domain.

· Case 2:  In this case, the DM-RS is only assumed on the even RBs in frequency domain with corresponding power boosting (i.e., 3 dB) is applied since no RS is transmitted in the REs of odd RBs.

· Case 3: In this case, similar as Case-2, the DM-RS is only assumed per 4 scheduled RBs in frequency domain, which means that up to 6 dB power boosting can be assumed since no RS is transmitted in the REs of other 3 RBs.

As the results shown in Figure 3, it can be found that clear performance gain can be achieved, which increased along with boosting power due to the reduced DM-RS density in frequency domain. The reason is that for the transmission in lower SINR, the accuracy of channel estimation is mainly dominated by the power of RS instead of density, especially for the channel with less selectivity in frequency domain.
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(a) Adaptive scheduling                                                  (a) Fixed scheduling 
Figure 3 Simulation results with adaptive scheduling

Proposal 5: Enlarged aggregation factor and reduced DM-RS density should be supported to improve the performance for NTN.

For other solutions, most of them can be conducted by implementation and the benefits are limited. More specifically:

· W.r.t CQI with new BLER target/Block error rate target or MCS table

As claimed, the intention of this proposal to enable more conserved (lower BLER) and refined (MCS with finer granularity) scheduling. However, such proposal can be easily achieved via the gNB implementation for the scheduling. For example, even with the CQI feedback with target BLER @10%, the gNB can implement the conversion between CQI and MCS for scheduling by selecting the more conserved MCS, e.g., according to the RBIR-SINR mapping. Meanwhile, for achieving the target BLER @1%, the scheduling can also be conducted with one more repetition via aggregation. Then, no additional enhancement is needed for this aspect.

·  W.r.t blind re-transmission
The re-transmission refers to strategy that the BS will schedule the re-transmission without reception on the ACK/NACK feedback. However, such operation can be done via implementation if necessary. After the reception of two transmissions, it’s also up to UE whether to conduct the joint decoding. Then, no specification changes are needed for this aspect. 
· Different configurations for “Time domain resource allocation table/Frequency resource allocation type 0 and type 1/Physical resource block (PRB) bundling configuration/PDSCH mapping type A and type B”

The aforementioned parameters not relevant to the scheduling with/without HARQ feedback. The reason is that, for example, the TDRA table and frequency allocation type, is only up to the resource allocation mechanism from gNB side along with the different requirements, e.g., latency, all existing setting can be directly used regardless of HARQ feedback.  For the PRB bundling configuration, which is mainly determined by the channel condition only, e.g., coherent bandwidth. In current spec, up to three option, e.g., “2/4 or wideband” are supported with enough flexibility for NTN case.

Proposal 6: Following enhancements are not needed to be supported:

· Blind transmission:

· CQI with new BLER target

· UCI including DL decoding Infor/MCS request

· Different parameters configuration 

(a) MCS table

(b) Time domain resource allocation table

(c) Frequency resource allocation type 0 and type 1

(d) Block error rate target

(e) Physical resource block (PRB) bundling configuration

(f) PDSCH mapping type A and type B
2.4 PDSCH scheduling

As shown in the previous agreement, the additional gap is considered to avoid the continuous reception of PDSCH with same HARQ process at UE side. In current specification, the PDSCH process timing (defined in section 5.3 in TS 38.214[10]) is mainly for timeline with HARQ-ACK feedback/CSI/Cross carriers scheduling, etc. For example, as shown in Figure 4, the time gap, e.g., [image: image26.png]Tyroc



 is defined as the minimum gap between the transmission of ACK with consideration on TA effect and the end of the last symbol of the PDSCH carrying the TB being acknowledged. 
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Figure 4 Illustration of processing timing for PDSCH

Within this gap as calculated below, the required time for PDSCH processing is fully covered.
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In NTN case, to minimize the impacts for UE capability, even for the PDSCH scheduling with HARQ process by the disabled ACK-NACK feedback, this value can still be reuse to restrict the scheduling with same HARQ process in consecutive way.
Proposal 7: X = Tpro,1 is considered as minimum gap for the between PDSCHs scheduled with same HARQ ID in case of disabled HARQ feedback.
3 Conclusions
In this contribution, the issues on the HARQ procedure with consideration of the characteristics of NTN transmission are discussed with following observation and proposals:

Proposal 1: Re-interpretation of bits in DCI should be considered as the baseline to support the HARQ process indication with extended maximum HARQ process number.

Proposal 2: For Type-2 codebook, enhancement to enable the DAI counting only for HARQ process with enabled feedback is supported via introducing of additional parameters. 

Proposal 3: For Type-3 codebook, enhancement can be enabled by only allowing the ACK-NACK generation for HARQ process with enabled feedback.
Proposal 4: The link budget listed in 38.821 can be used to evaluate the UL performance for mobile UE with consideration on the potential enhancements introduced in coverage enhancement WI.

Proposal 5: Enlarged aggregation factor and reduced DM-RS density should be supported to improve the performance for NTN.

Proposal 6: Following enhancements are not needed to be supported.

· Blind transmission:

· CQI with new BLER target

· UCI including DL decoding Infor/MCS request

· Different parameters configuration 

(a) MCS table

(b) Time domain resource allocation table

(c) Frequency resource allocation type 0 and type 1

(d) Block error rate target

(e) Physical resource block (PRB) bundling configuration

(f) PDSCH mapping type A and type B
Proposal 7: X = Tpro,1 is considered as minimum gap for the between PDSCHs scheduled with same HARQ ID in case of disabled HARQ feedback.
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Appendix

Table 1 Simulation assumption for DM-RS overhead reduction

	Parameter
	Value

	Carrier frequency
	2GHz

	Channel model
	 NTN-TDL-D

	UE speed
	3km/h or 70km/h for NTN-TDL-D

	BS Antenna configuration
	1

	UE Antenna configuration
	1

	System bandwidth
	20MHz

	Sub-carrier space
	15kHz

	Occupied RB
	25

	MCS
	Depending on SNR or fixed MCS = 16

	waveform
	OFDM

	Number of OS per repetition
	14

	DMRS overhead
	NR pattern as baseline

	Number of repetition
	1

	Frequency hopping
	Disable

	Channel estimation
	Practical

	Receiver type
	MMSE
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