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Introduction
At RAN#86 meeting in Sitges, Spain, a new WI “Solutions for NR to support non-terrestrial networks (NTN)” [1] was agreed and has been updated in RAN#88-e[3][8]. Following objectives were specified for HARQ enhancements:
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In RAN1 #102-e [2] [9], first discussions on such enhancements took place and the following agreements were achieved:
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

[bookmark: _Hlk56148125]The agreements achieved during RAN1 Meeting #103-e are recalled hereafter:
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

The agreements achieved during RAN1 Meeting #104-e are recalled hereafter:
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.
· Working assumption: X = T_proc,1
· FFS: Whether X should be changed to X = max(T_proc,1, K1) where K1 is the minimum k1 if it is configured, otherwise k1 = 0
· Note: The TB of the two PDSCHs can be either same or different

Agreement:
For Type-2 HARQ codebook in NTN: Reduce codebook size with HARQ-ACK codebook only including 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

This contribution discusses the use of aggregation factor in NTN GEO scenario to improve the reliability of the system without dynamic HARQ retransmissions.
Repetitions using aggregation factor
RAN1 and RAN2 agreed the disabling of HARQ feedback via RRC signalling during the Rel.16 NTN study item.in RAN1 #102-e. Furthermore, it was agreed that, in case of disabled HARQ feedback and therefore HARQ retransmission, a lower residual BLER target is important to avoid latency intensive RLC retransmissions. Blind (Re)Transmissions are one possibility to reduce the residual BLER without major impact of the NR specification as stated in TR38.821 from the NTN study item. 
There are two methods of blind (re)transmissions. The first method, sending the packets in a bundle by increasing the AggregationFactor, is well covered unless the AggregationFactor shall be increased beyond 4. The second method means the MAC layer schedules another transmission of the same packet by a new PDSCH resource allocation. While there is additional PDCCH signalling overhead, this scheme provides larger flexibility in terms of the timing and the physical location of the (re)transmission. TR 38.821 states that minor changes on the UE procedure might be needed for downlink operation and we would like to elaborate on this in more detail by a review of the physical layer procedures in TS 38.214 V16.0.0 (2019-12). 
In this contribution, in the SLS, the slot aggregation feature is basically functioning in the same way as blind retransmissions. This is because:
· Only one UE is scheduled per slot, and thus, also the aggregated transmissions shall be using the same (PRB) allocation as the 1st transmission,
· PDCCH is assumed to be ideal both in terms of capacity and error probability.
In these simulations we have used calibration case number 16. The details of the simulation parameters are in Table 1 GEO SLS Parameters. The satellite parameter set 2 used along with re-use 1 is causing a bad SINR distribution which is seen in Figure 1 DL SINR. Roughly half of the users have DL SINR below 0dB. This means that the link adaptation likely tois  selecting the most robust MCS index 0 for those users. Calibration case 16 was selected because it is challenging in terms of coverage, i.e., a potential case for slot aggregation.  All the users are in line-of-sight (LOS) state, have only little fast fading variation  and moving only 3 km/h and therefore their fast-fading variation is small and the user pathloss does not change significantly during one simulation drop. However, the all the users are in line-of-sight state and moving only 3 km/h and therefore their fast-fading variation is small and the user pathloss does not change significantly during one simulation drop. In fact, calibration case 16 was selected because it is challenging in terms of coverage, i.e., a potential case for slot aggregation.


	[bookmark: _Ref46231153]Scenario
	GEO, Ka-band, FR1 (Case 16)

	Duplexing
	FDD

	Channel condition
	LOS

	Data transmission direction
	Downlink

	Numerology
	120kHz, 14 OFDM symbol slot

	Simulation bandwidth
	30MHz

	Resource Utilization (RU)
	100%

	# of UEs per cell
	10

	# of UEs scheduled per slot
	1

	User deployment scenario
	Rural

	vUE
	3km/h

	Propagation delay (one way)
	271ms

	Scheduling
	Round Robin

	Traffic model
	Full buffer

	HARQ feedback
	Disabled / 0, 3 or, 7 blind retransmissions

	Target BLER first Transmission (PHY)
	10%

	RLC mode
	RLC UM

	Number of drops
	5


[bookmark: _Ref68166087]Table 1 GEO SLS Parameters.

[image: ]
[bookmark: _Ref68166294]Figure 1 DL SINR.
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Figure 2 DL MCS.
The scheduler allocates the resources in round robin manner and only one user is scheduled per slot. When blind HARQ retransmissions (slot aggregation) are enabled for a useruser, they the retransmissions are sent in the slots following the newfirst data transmission. With the normal default blind HARQ scheme all the users therefore receive the packet on 4 or 8 consecutive slots. The system is always fully loaded and HARQ configuration does not impact on the interference levels.
In “dynamic blind HARQ – MCS 0” -scheme the gNB enables 3 DL blind HARQ retransmissions only for those users whichwho are using the most robust DL MCS index of 0 as these are the users experiencing most of the errors. The users with MCS index > 0 are not experiencing significantly errors if any on this low-speed LOS simulations. Part of it is explained by the inaccurate CQI signalling which forces the scheduler to select too robust MCS [3][9].
“Dynamic blind HARQ – CL (Coupling Loss)” -schemes use estimated uplink coupling loss as input for dynamic blind HARQ enabling. The gNB estimates the coupling loss from received PHR reports. In the first “CL 123dB” case the gNB configures 3 blind retransmissions only for those users, which have coupling loss of 123 dB or more. In the second “CL 123/127dB” scheme there is an additional group of users with 127dB or higher coupling loss which will have 7 blind retransmissions.
Figure 3 DL Residual BLER after HARQFigure 3 DL Residual BLER after HARQ shows how there BLER without HARQ is very high. This is mostly coming from those users with negative SINR. Static blind HARQ configuration of 3 and 7 retransmissions can drop the BLER to 5% and 1%, respectively. Both dynamic blind retransmission schemes with 3 retransmissions also get similar 5-6% BLER while the most aggressive dynamic scheme with 3&7 retransmissions is achieving 2% BLER. Overall, the dynamic schemes provide similar BLER performance to their static counterparts.
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[bookmark: _Ref68168894]Figure 3 DL Residual BLER after HARQ
Figure 4 User DL Call TP shows how the highest user call throughputs are achieved with HARQ off. However, 34% of the users do not get any data through as their SINR is so low. Also, the used traffic model (full buffer) here has no higher-level problems associated to transmission errors such as application retransmissions. On the other hand, static blind retransmission configuration is wasting a lot of resources as half of the users have little need for 4 or 8 transmissions and throughputs are greatly sacrificed.
Observation 1: Without retransmissions, significant percentage of users are not receiving any throughput in challenging GEO use case.
Observation 2: Blind retransmissions (slot aggregation) improve the residual BLER in challenging GEO use case with HARQ feedback disabled.

Observation 3: Blind retransmissions (slot aggregation) waste a lot of resources if it is not enabled per UE in a dynamic way (on a need basis).
Dynamic blind retransmission schemes are more efficient when comparing cases with similar BLER. MCS 0 triggered scheme gives about twice the throughput compared to the static 3 retransmission case. One threshold coupling loss basedloss-based scheme is a bit behind of the MCS scheme here. The coupling loss scheme with two thresholds and 3/7 retransmissions can further limit BLER to similar level as static 7 retransmission case but providing better throughput.
Table 2 Retransmission shows how MCS scheme gets similar BLER as coupling loss scheme with less retransmissions. There are many reasons for that. MCS index 0 is directly related to the increased BLER of users as then link adaptation is no longer able to reduce the errors. Coupling loss scheme uses coupling loss value from UL and threshold might not be the optimal. Also, the PHR has 1 dB granularity and here power control alpha value 0.6 was used which means the coupling loss estimate has 1/0.6 = 1.66 dB granularity. On the other hand, the coupling loss can separate the bad users from really bad users providing extra robustness without unnecessary overhead. 
 
[image: ]
[bookmark: _Ref68170238]Figure 4 User DL Call TP
Observation 4: Dynamic blind retransmissions (slot aggregation) improve the residual BLER for the users in challenging channel conditions, while aiming to minimize the effect on system throughput.

Proposal 1: Allow to send blind PDSCH (re)transmission of the same packet by MAC scheduling without waiting for the transmission of the HARQ feedback.
Proposal 2: Blind retransmissions should be possible to configure per UE.


Number of retransmissions are seen in Table 2 Number of Retransmissions.
	SLS Case
	0 retx
	3 retx
	7 retx

	No HARQ
	100%
	0%
	0%

	Blind – 3 retx
	0%
	100%
	0%

	Blind – 7 retx
	0%
	0%
	100%

	Dynamic Blind - MCS 0 
	60.5%
	39.5%
	0%

	Dynamic Blind – CL 123 dB
	43.2%
	56.8%
	0%

	Dynamic Blind – CL 123/127 dB
	42.6%
	36.4%
	21.0%


[bookmark: _Ref68168841]Table 2 Retransmission ratios
[bookmark: _Ref61605526]Conclusion and Proposals
This contribution discusses the use of aggregation factor in NTN GEO scenario to improve the reliability of the system without dynamic HARQ retransmissions.
In this document, ...
Observation 1: Without retransmissions, significant percentage of users are not receiving any throughput in challenging GEO use case.
Observation 2: Blind retransmissions (slot aggregation) improve the residual BLER in challenging GEO use case with HARQ feedback disabled.
Observation 3: Blind retransmissions (slot aggregation) waste a lot of resources if it is not enabled per UE in a dynamic way (on a need basis).
Observation 4: Dynamic blind retransmissions (slot aggregation) improve the residual BLER for the users in challenging channel conditions, while aiming to minimize the effect on system throughput.Observation 1: xxx
Proposal 1: xxx

Proposal 1: Allow to send blind PDSCH (re)transmission of the same packet by MAC scheduling without waiting for the transmission of the HARQ feedback.

Proposal 2: Blind retransmissions should be possible to configure per UE.
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