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1	Introduction
The following agreements were made in RAN1#102-e [1].
	RAN1 Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signalling
RAN1 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



In addition to the above, the following agreements were made in RAN1#103-e [2].
	RAN1 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
RAN1 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
RAN1 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, the enhancement issues on both the transmission and HARQ process ID indication would be discussed.
2	Discussion 
2.1	Enhancement on the transmission 
2.1.1	Background
In the section 8.4 of [3], the followings are proposed by the moderator. 
	[Initial Proposal 5]: Study on following enhancements is prioritized:
· Enhancements on aggregated transmission (including repetition) 
· Enhancements on MCS (including CQI report)
· Note-1: Supports on the detailed solution should be justified.
· Note-2: For other solutions, companies are encouraged to provide the results to justify the gain comparing to these two in sub-bullets.



In addition to the above, 5 methods for enhancing the transmission performance with disabled HARQ feedback are highlighted in the section 5 of [3], Among those potential solutions, the details focusing on the slot aggregation (larger aggregation factor) and adaptive scheduling via UL feedback (including UCI/MAC-CE/RRC) would be discussed.
In [4], the system level simulations are calibrated for 30 study cases. Regarding the transmission, the cases corresponding to both GEO satellite and handheld UE would be the worst and the indexes of the corresponding cases are described as SC4, SC5, SC19, and SC20. In a word, the DL geometry SINR for those 4 cases would range from -5.9 dB to 4.9 dB. Specifically speaking, regarding all the worst cases, 90 % (between 5% and 95%) of the links are concentrated within 4 dB. Additionally, 95% of the links have the worse SINR than 5 dB (SC5) or 1 dB (SC{4,19,20}). Compared to terrestrial network (TN), the corresponding S(I)NR might be narrower and lower. Consequently, NTN would suffer from the performance degradation caused by low S(I)NR.
Observation 1 : The worst scenarios for transmission correspond to the cases having both GEO and handheld.
· For SC5, the DL geometry SINR range might be from 1.5 dB (5%) to 5 dB (95%).
· For other cases (SC{4,19,20}), the DL geometry SINR range might be from -6 dB (5%) to 1 dB (95%).

2.1.2 Legacy NR's Aggregated Transmission
In NR, HARQ retransmission might mitigate the performance degradation caused by low S(I)NR. On the other hand, in NTN (especially GEO), HARQ retransmission might be not possible because HARQ feedback would be likely to be disabled in NTN and it would determine whether HARQ retransmission is performed or new transmission is performed. 
Accordingly, the important aspect for considering transmission in NTN would be an ability to compensate performance degradation without HARQ retransmission in low S(I)NR. Fortunately, legacy NR has another retransmission scheme as known as “slot aggregation”. The slot aggregation could be considered as retransmissions without feedback. The “retransmission” aspect of the slot aggregation could mitigate the impact owing to lower S(I)NR in NTN and the “without feedback” aspect might contribute to compensate longer delay in NTN. 
From Figure 1 to Figure 4, the LLS performances, which are BLER and spectral efficiency, are evaluated by changing aggregation factor (AF) according to the legacy NR specification. For a certain AF value, the 6 IMCS are chosen, as described in Table 2, of which values are minimum and maximum per each modulation order.
For BLER, as a rule of thumb, target BLER is assumed to be 10-2 (i.e., target BLER=10-2). If slot aggregation is not used (AF=1), as described in Figure 1, the only IMCS=0 could achieve target BLER within operating S(I)NR range for SC5. Thus, IMCS close to IMCS=0 seems to be possible for achieving target BLER. For the other cases (SC{4,19,20}), nothing could achieve target BLER. However, if slot aggregation is used (AF>1), the BLER would be enhanced as AF increases. Accordingly, it could be observed that higher IMCS would achieve target BLER as described in Figure 2 (AF=2), Figure 3 (AF=4), and Figure 4 (AF=8).
For spectral efficiency (SE), regarding a certain IMCS, it could be observed that the maximum value of SE curves are limited into lower values as AF increases. However, simultaneously, it could be also observed that SE curves are shifted into low S(I)NR. Consequently, as AF increases, SE within high S(I)NR region (around 1 dB (SC{4,19,20}) or 5 dB (SC5)) would be degraded, but SE within low S(I)NR range (around  -6 dB (SC{4,19,20}) or 1 dB (SC5)) could be enhanced. Lastly, slot aggregation could contribute to lowering the latency because all the (re)transmissions could be issued in a bundle, which have shorter duration than HARQ (re)transmission. Consequently, the optimal AF value for guaranteeing target BLER(=10-2) and maximizing SE might be AF=2 or 8 (SC{4,19,20}) and AF=1 (SC5) respectively. Especially, for the cases except SC5, AF=2 might be optimal around 1 dB (high S(I)NR region, but AF=8 might be optimal around -6 dB (the low S(I)NR region). Thus, for maximizing SE, the change of aggregation factor might be needed.
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[bookmark: _Ref54124525]Figure 1 LLS Evaluation (NTN-TDL-B, AF=1) (L: BLER, R: Spectral Efficiency)
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[bookmark: _Ref54175453]Figure 2 LLS Evaluation (NTN-TDL-B, AF=2) (L: BLER, R: Spectral Efficiency)
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[bookmark: _Ref54175457]Figure 3 LLS Evaluation (NTN-TDL-B, AF=4) (L: BLER, R: Spectral Efficiency)
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[bookmark: _Ref54175458]Figure 4 LLS Evaluation (NTN-TDL-B, AF=8) (L: BLER, R: Spectral Efficiency)

In conclusion, the slot aggregation could be beneficial for obtaining not only enhanced BLER but also improved SE in low S(I)NR region. Moreover, it could reduce latency. Based on these, in NTN, it might be inevitable to be used for guaranteeing BLER and SE simultaneously with lowering latency. Moreover, the slot aggregation could be used without specification impact.
Observation 2 : The slot aggregation (aggregation factor>1) could enhance BLER and SE simultaneously within low S(I)NR ranges.
Observation 3 : The slot aggregation (aggregation factor> 1) might be inevitable for achieving target BLER.
Observation 4 : The change of aggregation factor might be needed for achieving optimal SE performance.

2.1.3 Enhancement on the aggregated transmission
2.1.3.1 Enhancement via Larger Aggregation Factor (Value of Aggregation Factor)
In the previous section, target BLER is assumed to be 10-2 as a rule of thumb. Typically, the legacy NR “with HARQ retransmission” might assume that the target BLER might be around 10-1 (target BLER=10-1). However, under NTN, HARQ retransmission may not be possible. In order to maintain the similar reliability under NTN without HARQ retransmissions, target BLER might be set to the lower value achievable by HARQ retransmission during Radio Link Control (RLC) Round Trip Time (RTT) with NR under legacy NR. 
For 15 kHz subcarrier spacing, average 3.125 HARQ retransmissions would be possible during RLC RTT=50 ms if 16 HARQ processes are used. Thus AF=2 could be chosen for target BLER under NTN because AF=3 is impossible. With IMCS=0, BLER of AF=2 is roughly 2*10−2 at -3.5 dB (the required SNR for BLER=10−1 of AF=1). Thus, the target BLER under NTN might be assumed to be 10−2 roughly.
However, as described in Figure 4 and Figure 5, if more challenging target BLER is required (i.e., target BLER<10-2), AF=8 might be insufficient for achieving the target BLER. Larger AF values might be needed especially for SC{4,19,20} because no IMCS might achieve the target BLER within the given S(I)NR range.
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[bookmark: _Ref61879946]Figure 5 BLER (IMCS=0, AF={1,2,4,8}) (L: NTN-TDL-B, R: NTN-TDL-D)

Observation 5 : If more challenging target BLER than 10-2 is required, 8 aggregated transmission (aggregation factor=8) might be insufficient for NTN.

Proposal 1 : Consider the enhancement via “larger aggregation factor” as the one of the NTN’s transmission enhancement solutions for achieving target BLER performance.

2.1.3.2 Enhancement via Different Aggregation Factors (Indication of Aggregation Factor)
Generally, assuming that S(I)NR was determined to a certain value, the performances such as SE/throughput and BLER depend on (almost only) the value of the transmission parameter. Moreover, assuming that the AF was also determined to a specific value, then, it might not be optimal for all the transmission parameters because it would be effective for the certain transmission parameters only. For example, Assuming that the situation with SNR=-4 dB and AF=4 is given, the SE performance with IMCS=9 is optimal as shown in Figure 3. In other words, AF=4 would not be optimal for the other IMCS far from IMCS=9. Consequently, if the aggregation factor is determined, available parameters might be limited. In other words, it might be concluded that each parameter has its own optimal AF value, and different AF per each parameter might be needed for achieving optimal performance.
Additionally, in NR, various kinds of transport channels are multiplexed into the PDSCH/PUSCH. The transmission purpose might be different from each transport channel. Consequently, depending on the purpose, the different target performance might be needed. Normally, in NR, the purpose can be distinguished through RNTI (or search space type). For example, the following RNTIs such as {P,SI,RA,MSGB,TC,C,MCS-C,CS}-RNTI are used in PDSCH [5]. On the other hand, the following RNTIs such as {TC,C,MCS-C,CS}-RNTI are used in PUSCH [5]. Additionally, for NTN, the required performance might be different from the HARQ feedback availability (enabled/disabled). 
Consequently, for optimal adaptation, different AF should be applied depending on the target performance, which are distinguished by RNTI (or search space)/HARQ feedback availability. Specifically, separate AF might be introduced and defined per IMCS/RNTI/HARQ feedback availability/HARQ process number. Regarding the HARQ process number, the inclusion might be needed because the HARQ feedback availability might be configurable per a HARQ process number.
Observation 6 : For optimal adaptation, different aggregation factor might be applied depending on the parameter (especially IMCS).
Observation 7 : For optimal adaptation, different aggregation factor should be applied depending on the target performance.
Observation 8 : In NR, various kinds of transport channels are multiplexed into PDSCH/PUSCH.
· Target performance of each transport channel might be distinguishable by checking the RNTI
· PDSCH related RNTI : {P,SI,RA,MSGB,TC,C,MCS-C,CS}-RNTI
· PUSCH related RNTI : {TC,C,MCS-C,CS}-RNTI
Observation 9 : In NTN, different target performance might be defined by the HARQ feedback availability.

Proposal 2 : Consider the enhancement via “different aggregation factors” as the one of the NTN’s transmission enhancement solutions.
· the followings might be a start point for configuring different aggregation factors
· (a group of) MCS index
· (a group of) RNTI type (or search space)
· PDSCH related RNTI : {P,SI,RA,MSGB,TC,C,MCS-C,CS}-RNTI
· PUSCH related RNTI : {TC,C,MCS-C,CS}-RNTI
· HARQ feedback availability (enabled/disabled)
· (a group of) HARQ process number
· combinations of the above
· subsets of the above

2.1.3.3 Enhancement via UL Feedback (Guidance of Aggregation Factor)
From Figure 1 to Figure 4, it could be observed that the adaptation between BLER and SE could be possible with the slot aggregation by changing AF. Accordingly, if AF is determined properly, the optimal channel adaptation might be possible. Additionally, the appropriate AF value might be varying depending on the channel condition and target performance. Thus, in order to replace HARQ with slot aggregation, the adaptation in both directions should be possible when the slot aggregation is used. For reference, there are 3 adaptation statuses, which are proper (optimal), too reliable (biased towards BLER), too un-reliable (biased towards SE). When the number of CRC OK in a bundle is greater than 1 (# of CRC OK in a bundle > 1) consecutively, it might corresponds to too reliable status. It would be a waste of resources (RBs & slots) because multiple CRC OK would occur in a bundle. Consequently, it would result in SE/throughput loss. On the other hands, when (# of CRC OK in a bundle = 0) occurs continuously, it might correspond to too un-reliable status and it would result in reliability/latency loss. Finally, when (# of CRC OK in a bundle = 1) occurs consistently, it might correspond to proper status. For the reference, the statistical majority among 3 cases (# of CRC OK in a bundle{>1,=1,=0}) might be used for corresponding each adaptation status, instead of consistency. 
However, as described in Figure 6, if slot aggregation is used, all the CRC results for the multiple retransmissions in a bundle are lumped into a HARQ feedback depending on the number of CRC OK in a bundle. If the number of CRC OK in a bundle is greater than or equal to 1 (# of CRC OK in a bundle 1), the HARQ feedback is determined as “ACK”. Otherwise (# of CRC OK in a bundle = 0), the HARQ feedback is determined as “NACK”. If the transmitter receives NACK after a bundle, the optimal transmitter might apply larger aggregation factor to the next slot aggregated transmission. However, if the transmitter receives ACK after a bundle, it could not distinguish between too reliable status and proper status because the same HARQ feedback is received in both cases. Thus, transmitter cannot determine whether to keep the same AF value or to apply smaller value for the next slot aggregated transmission.


[bookmark: _Ref54279221]Figure 6 adaptation feasibility issue in the slot aggregation

In summary, with the slot aggregation, the adaptation toward enhancing reliability could be possible, but the adaptation towards enhancing throughput would be impossible because the mechanism to report multiple CRC OK in a bundle does not exist in NR. Assuming a situation where the AF value is increased because of the bad channel situation in the past, the AF value may not be recovered (reduced) again even if the channel situation is improved in the future.
Moreover, in NTN, HARQ feedback might be disabled and would not be sent to the transmitter. Especially, if all the HARQ feedback are disabled, all the HARQ feedbacks for DL might not be reported to gNB. In this case, it is impossible for gNB to know whether the transmission parameter is appropriate for the current situation or not. Consequently, gNB cannot determine whether to keep the same AF or to apply different (larger/smaller) AF.
Table 1 summary of adaptation feasibility issue with slot aggregation
	Adaptation status
	Transmission parameter status
	# of CRC OK in a bundle @ receiver
	HARQ feedback
	Optimal Reaction @ transmitter
	Could transmitter do optimal reaction?

	reliability loss/ latency loss
	Too un-reliable
	0
	NACK
	adjust AF to larger
(adjust parameter towards better BLER)
	possible (if NACKs occur quite consistently)

	optimal adaptation
	Proper
	1
	ACK
	maintain AF 
(maintain parameter)
	possible (otherwise) 
(in other words, if ACKs occur quite consistently)

	throughput loss
	Too Reliable
	>1
	ACK
	Adjust AF to lower
(adjust parameter towards better SE)
	impossible



Observation 10 : The value of aggregation factor should be determined properly if slot aggregation is used. 
· Too un-reliable parameter : reliability/latency loss (might be unable to communicate)
· Proper parameter : optimal adaptation
· Too reliable parameter : throughput loss
Observation 11 : NR gNB cannot distinguish between just proper parameter and too reliable parameter, if the slot aggregation is used. 
· 0 CRC OK in a bundle (too un-reliable parameter) : NACK 
· only 1 CRC OK in a bundle (proper parameter) : ACK 
· multiple(>1) CRC OK in a bundle (too reliable parameter) : ACK
Observation 12 : NR gNB cannot optimally react to some cases, if the slot aggregation is used.
· toward better reliability : possible (reaction for receiving NACK quite consistently)
· maintain : possible (reaction for receiving ACKs quite consistently)
· toward better throughput : (seems to be )impossible
Observation 13 : In NR, there is no feedback mechanism to guide aggregation factor into lower value for better throughput
· Once the aggregation factor value gets larger, it may be impossible to be reduced again
Observation 14 : If all the HARQ feedback are disabled, gNB cannot optimally react to all cases
· toward better reliability : (seems to be )impossible
· maintain : (seems to be )impossible
· toward better throughput : (seems to be )impossible

In Figure 7, the spectral efficiency (SE) of the proposed method are evaluated and compared with respect to the legacy NR. The evaluation was performed with choosing only the MCS indexes and aggregation factor such that the target BLER(=10-2) is guaranteed. As described above, if slot aggregation is used, NR gNB cannot distinguish the difference between optimal and too reliable aggregation factor. Moreover, once the aggregation factor value gets larger, it may be impossible to be reduced again in NR because there is no feedback mechanism in NR to guide aggregation factor into lower value for better throughput. Based on these reasons, the aggregation factor might be likely to be set into non-optimal value. The effect of non-optimal aggregation factor might be observed as the followings. As described in Figure 7, within the operation range of SC5, if aggregation factor is set to optimal value (AF=1), the SE might up to 0.6 bps/Hz. However, the SE for non-optimal aggregation factor is up to 0.51 bps/Hz (AF=2), 0.33 bps/Hz (AF=4), 0.17 bps/Hz, respectively. In other words, the normalization with respect to AF=1 would makes those value into 85% (AF=2), 55% (AF=4), 28% (AF=8). Moreover, if aggregation factor is set to too large value, it might be impossible to reach the value achievable by lower aggregation factor because the maximum SE might be limited to the lower value as the aggregation factor increases. In other words, if AF=8, then it cannot reach to the SE>0.8 within the operation range of SC5. On the other hands, within the operational range of SC{4,19,20}, it could be observed that the optimal aggregation factor would be not the same with respect to both S(I)NR. The optimal values could be listed such as AF=8 (-6 ~ -4 dB), AF=4 (-4 ~ -2 dB), AF=2 (-2 ~ 1 dB). In addition, it could be also found that the optimal value would be affected by the channel condition (TDL-B, TDL-D). In NTN-TDL-D, the different optimal values might be given like AF=8 (-6 ~ -4 dB), AF=2 (-4 ~ 1 dB).
Consequently, according to the legacy NR, the non-optimal aggregation factor might be set and it results in the throughput loss from 15% to 72% approximately. On the other hand, non-optimal aggregation factor might be corrected by the proposed method (Enhancement via UL feedback), and it would be helpful to control aggregation factor properly. Additionally, UL feedback is used to maximizing SE in the above example. However, it also might be used to maximizing reliability. 
[image: ]
[bookmark: _Ref61881553]Figure 7 Maximum achievable SE {fixed AF (legacy NR), variable AF (Enhancement via UL feedback)} 
(L: NTN-TDL-B, R: NTN-TDL-D)

In conclusion, for achieving the optimal adaptation, the new UL feedback to guide the aggregation factor change might be introduced. Especially, if the slot aggregation is used, the request to decrease AF should be essential for achieving optimal adaptation. Moreover, if all the HARQ feedbacks are disabled in NTN, the request that could indicate both directions, should be provided for achieving optimal adaptation. For reference, it might be configured to maintain the AF value by not sending UL feedback. CRC statistics might be used for the same purpose as the request for changing AF. For the reference, the UL feedback via RRC/MAC-CE might be preferred rather than UL feedback via UCI because it has less specification changes. Additionally, considering lower S(I)NR in NTN, UL feedback via MAC-CE/RRC could be more helpful than UL feedback via UCI because it could use retransmission mechanism in PUSCH, which supports soft combining of retransmissions.
Observation 15 : UL feedback might be helpful to guide aggregation factor into optimal value
· Non-optimal value might lead the throughput loss from 15% to 72%.
Observation 16 : UL feedback via MAC-CE/RRC might be preferred rather than UL feedback via UCI.
· specification impact would be minimized
· soft combinable retransmission mechanism on PUSCH might be beneficial for compensating in low S(I)NR under NTN

Proposal 3 : Consider the enhancement via “UL feedback” as the one of the NTN’s transmission enhancement solutions for achieving better adaptation performance.
· UL feedback can include information such as
· request for guiding pdsch-AggregationFactor
· decoding statistics
· combination of the above
· MAC-CE/RRC might be also acceptable, instead of UCI.
· for minimizing specification impact.
· for compensating low S(I)NR in NTN by using soft combinable retransmissions on PUSCH


2.2	Enhancement on HARQ process ID indication
In RAN1#103-e, the following options to support enhanced HARQ process ID indication for DCI 0-2/1-2 and DCI 0-1/1-1 were proposed
· 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

From the viewpoint of flexibility for HARQ process ID indication, Option 2 and Option 3 may be preferred because one bit is additionally used to extend the maximal HARQ process number to 32, while Option 1/1-a may restrict the HARQ process ID indication because this depends on the slot index. In addition, from the viewpoint of specification impact, Option 1/1-a and Option 2 may be preferable because these require no changes of DCI formats. Hence, in terms of the flexibility of HARQ process ID indication as well as the specification impact, Option 2 may be appropriate for enhanced HARQ process ID indication.
By focusing on Option 2, we discuss which one bit can be reused from other bit field in DCI 0-2/1-2 and DCI 0-1/1-1. In NTN scenarios, due to the large RTT (e.g., 25.77ms for LEO-600), the maximal number of retransmissions for the legacy NR may be reduced. It means that one of 2 bits for redundancy version in DCI 0-2/1-2 and DCI 0-1/1-1 can be reused to indicate enhanced HARQ process ID. For instance, either MSB or LSB of 2 bits for redundancy version is reused, and if the value of MSB or LSB is 0, then the legacy 4-bit HARQ process ID field is used to indicate HARQ process ID 0, 1, …, 15, otherwise that is used to indicate HARQ process ID 16, 17, …, 31. On the other hand, if two HARQ process groups are configured to support enabled HARQ feedback and disabled HARQ feedback (i.e., one group consists of HARQ processes with enabled HARQ feedback and the other includes HARQ processes with disabled HARQ feedback), it can be considered that some bit fields in DCI formats may be re-interpreted to support HARQ processes with HARQ feedback disabled. In that case, therefore, either MSB or LSB of 2 bits for redundancy version is reused to indicate either of two HARQ process groups.

Proposal 4 : For “Option 2: Reusing one bit from other bit field” to support enhanced HARQ process ID indication for DCI 0-2/1-2 and DCI 0-1/1-1, either MSB or LSB in the 2-bit redundancy version field can be considered.

3	Conclusion
In this contribution, the following observations and proposals are made.
Observation 1 : The worst scenarios for transmission correspond to the cases having both GEO and handheld.
· For SC5, the DL geometry SINR range might be from 1.5 dB (5%) to 5 dB (95%).
· For other cases (SC{4,19,20}), the DL geometry SINR range might be from -6 dB (5%) to 1 dB (95%).
Observation 2 : The slot aggregation (aggregation factor>1) could enhance BLER and SE simultaneously within low S(I)NR ranges.
Observation 3 : The slot aggregation (aggregation factor> 1) might be inevitable for achieving target BLER.
Observation 4 : The change of aggregation factor might be needed for achieving optimal SE performance.
Observation 5 : If more challenging target BLER than 10-2 is required, 8 aggregated transmission (aggregation factor=8) might be insufficient for NTN.
Observation 6 : For optimal adaptation, different aggregation factor might be applied depending on the parameter (especially IMCS).
Observation 7 : For optimal adaptation, different aggregation factor should be applied depending on the target performance.
Observation 8 : In NR, various kinds of transport channels are multiplexed into PDSCH/PUSCH.
· Target performance of each transport channel might be distinguishable by checking the RNTI
Observation 9 : In NTN, different target performance might be defined by the HARQ feedback availability.
Observation 10 : The value of aggregation factor should be determined properly if slot aggregation is used. 
· Too reliable parameter : throughput loss
· Proper parameter : optimal adaptation
· Too un-reliable parameter : reliability/latency loss (might be unable to communicate)
Observation 11 : NR gNB cannot distinguish between just proper parameter and too reliable parameter, if the slot aggregation is used. 
· 0 CRC OK in a bundle (too un-reliable parameter) : NACK 
· only 1 CRC OK in a bundle (proper parameter) : ACK 
· multiple(>1) CRC OK in a bundle (too reliable parameter) : ACK
Observation 12 : NR gNB cannot optimally react to some cases, if the slot aggregation is used.
· toward better reliability : possible (reaction for receiving NACK quite consistently)
· maintain : possible (reaction for receiving ACKs quite consistently)
· toward better throughput : (seems to be )impossible
Observation 13 : In NR, there is no feedback mechanism to guide aggregation factor into lower value for better throughput
· Once the aggregation factor value gets larger, it may be impossible to be reduced again
Observation 14 : If all the HARQ feedback are disabled, gNB cannot optimally react to all cases
· toward better reliability : (seems to be )impossible
· maintain : (seems to be )impossible
· toward better throughput : (seems to be )impossible
Observation 15 : UL feedback might be helpful to guide aggregation factor into optimal value
· non-optimal value might lead the throughput loss from 15% to 72%.
Observation 16 : UL feedback via MAC-CE/RRC might be preferred rather than UL feedback via UCI.
· specification impact would be minimized
· soft combinable retransmission mechanism on PUSCH might be beneficial for compensating in low S(I)NR under NTN

Proposal 1 : Consider the enhancement via “larger aggregation factor” as the one of the NTN’s transmission enhancement solutions for achieving target BLER performance.
Proposal 2 : Consider the enhancement via “different aggregation factors” as the one of the NTN’s transmission enhancement solutions.
· the followings might be a start point for configuring different aggregation factors
· (a group of) MCS index
· (a group of) RNTI type (or search space)
· HARQ feedback availability (enabled/disabled)
· combinations of the above
· subsets of the above
Proposal 3 : Consider the enhancement via “UL feedback” as the one of the NTN’s transmission enhancement solutions for achieving better adaptation performance.
· UL feedback can include information such as
· request for guiding pdsch-AggregationFactor
· decoding statistics
· combination of the above
· MAC-CE/RRC might be also acceptable, instead of UCI.
· for minimizing specification impact.
· for compensating low S(I)NR in NTN by using soft combinable retransmissions on PUSCH
[bookmark: _GoBack]Proposal 4 : For “Option 2: Reusing one bit from other bit field” to support enhanced HARQ process ID indication for DCI 0-2/1-2 and DCI 0-1/1-1, either MSB or LSB in the 2-bit redundancy version field can be considered.
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5	Appendix
The simulation parameters are listed in Table 2.
[bookmark: _Ref54356733]Table 2 LLS parameter
	Parameters
	Value

	Satellite/UE type
	GEO/Handheld

	Carrier Frequency
	2 GHz (S-Band)

	Desired Delay Spread
	300 ns

	Subcarrier Spacing
	15 kHz (Slot duration = 1 ms)

	Bandwidth
	20 MHz (106 RB)

	Slot Aggregation Factor
	1,2,4,8

	Redundancy Version sequence
	AF=1
	{0}

	
	AF=2
	{0,2}

	
	AF=4
	{0,2,3,1}

	
	AF=8
	{0,2,3,1,0,2,3,1} 

	Modulation and coding scheme
	QPSK
	0 (R=0.12)
	9 (R=0.66)

	
	16QAM
	10 (R=0.33)
	16 (R=0.64)

	
	64QAM
	17 (R=0.43)
	28 (R=0.93)

	Decoder Algorithm
	Layered Belief Propagation




For easy comparison, all the results from Figure 1 to Figure 4 are lumped into Figure 8 (NTN-TDL-B). And the performance evaluations under NTN-TDL-D are described in Figure 9. As described in Figure 8 and Figure 9, NTN-TDL-D would have better performance than NTN-TDL-B.
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[bookmark: _Ref54195403]Figure 8 LLS Evaluation (NTN-TDL-B, AF=1,2,4,8) (L: BLER, R: Spectral Efficiency)
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[bookmark: _Ref54195528]Figure 9 LLS Evaluation (NTN-TDL-D, AF=1,2,4,8) (L: BLER, R: Spectral Efficiency)
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