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Introduction
This TDOC has been prepared with Magister Solutions Ltd (3GPP guest member).
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[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 [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

This contribution discusses the enhancements necessary for NTN in case of disabled HARQ. Section 2 analyses the specifications regarding necessary changes to support blind (re)transmissions in a GEO scenario with HARQ feedback disabled. All observations and proposals are summarized in Section 3.

[bookmark: _Ref61605440][bookmark: _Ref46231058]Considerations on NTN GEO Scenario
BLER target in with HARQ Disabled
In the RAN1 meeting [9], it has been agreed to disable HARQ feedback via RRC signalling in NTN scenarios with large transmission delay. 
In this section, we analyse the effect of applying a lower BLER target for the transmission in physical layer. Therefore, we performed system-level simulations for GEO Ka-band scenario with HARQ disabled using RLC UM and using BLER targets of 10% and 1% for a single transmission in physical layer. The number of HARQ channels is 16 but it does not matter as HARQ channels are reset before they could become a bottleneck. For further parameters see Table 2. 
	Scenario
	GEO, Ka-band, FR3 (Case 2)

	Duplexing
	FDD

	Channel condition
	LOS

	Data transmission direction
	Downlink

	Numerology
	120kHz, 14 OFDM symbol slot

	Simulation bandwidth
	40MHz / 3 per beam

	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

	Target BLER first Transmission (PHY)
	1 or 10%

	RLC mode
	RLC UM

	Number of drops
	5


[bookmark: _Ref61519647]Table 1 GEO SLS Parameters.
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[bookmark: _Ref61512642]Figure 1 UE DL RLC Call Throughput CDF.
[image: TB_Error_rate]
[bookmark: _Ref61512530][bookmark: _Ref61512519]Figure 2 Average UE DL transport block error rate with different BLER targets.
Figure 1 presents UE DL call throughput CDF. When using 1% BLER target instead of default 10% the average throughput drops 7%. The stairs are caused by only small changes during simulation drop time. During one drop UE does not significantly move and therefore the pathloss of the UE is practically the same. Additionally, the fast fading with 3 km/h speed is causing only small fluctuations in the received signals levels. UE therefore often experiences similar MCS over the simulation time and furthermore the error rates are small thus the throughput is capped by selected MCS SE efficiency.
Observation 1:	1% BLER target reduces RLC throughput by 7%.
Figure 2 shows the average transport block error rate with different BLER targets. It can be seen, that realized error rates of 0.39% and 0.53% are much below the configured BLER targets of 1% and 10%, respectively. There are several reasons for this:
· The jump from one MCS to next one is large in terms of BLER and estimated BLER of selected MCS is often significantly below target BLER or even close to 0%
· Little variation of pathloss and fast fading for 3 km/h slow UEs in the GEO scenario during CQI AMC cycle
· Target BLER represents the upper limit for MCS selection 
· UE is signalling CQI value which has limited accuracy and is often forced to pick CQI which leads to even more robust MCS selection by gNB

	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency
	Matching CQI
from table 5.2.2.1-2

	0
	2
	120
	0.2344
	2

	1
	2
	157
	0.3066
	

	2
	2
	193
	0.3770
	3

	3
	2
	251
	0.4902
	

	4
	2
	308
	0.6016
	4

	5
	2
	379
	0.7402
	

	6
	2
	449
	0.8770
	5

	7
	2
	526
	1.0273
	

	8
	2
	602
	1.1758
	6

	9
	2
	679
	1.3262
	

	10
	4
	340
	1.3281
	

	11
	4
	378
	1.4766
	7

	12
	4
	434
	1.6953
	

	13
	4
	490
	1.9141
	8

	14
	4
	553
	2.1602
	

	15
	4
	616
	2.4063
	9

	16
	4
	658
	2.5703
	

	17
	6
	438
	2.5664
	

	18
	6
	466
	2.7305
	10

	19
	6
	517
	3.0293
	

	20
	6
	567
	3.3223
	11

	21
	6
	616
	3.6094
	

	22
	6
	666
	3.9023
	12

	23
	6
	719
	4.2129
	

	24
	6
	772
	4.5234
	13

	25
	6
	822
	4.8164
	

	26
	6
	873
	5.1152
	14

	27
	6
	910
	5.3320
	

	28
	6
	948
	5.5547
	15

	29
	2
	reserved
	

	30
	4
	reserved
	

	31
	6
	reserved
	


[bookmark: _Ref61524462]Table 2: Modified TS 38.214 MCS table 5.1.3.1-1 for PDSCH.
Table 2 shows the MCS table from [4] 5.1.3.1-1 where a column with matching CQI based on table 5.2.2.1-2 [4] is added. We see clearly how the CQI value cannot always be accurately mapped to a MCS value. For example, if the AMC process at the UE estimates the most efficient MCS is 17 it is forced to signal CQI index 9. Based on this information gNB will then pick MCS 15 for next transmission. This is most likely inefficient MCS for the situation and the error rate will be lowered further from the target BLER. On the other hand, if UE ideally selected MCS is 15 then CQI index 9 will lead to correct MCS selection. The behaviour is thus depending on the exact SINR situation UE and is hard to predict. Dynamic outer loop block error rate-based AMC algorithms could resolve this inaccuracy assuming the situation remains stable until the algorithm has found optimal operation point.
Observation 2:	The transport block error rates in low-speed geostationary simulations are significantly below the BLER targets
Observation 3:	There is no significant difference in transport block error rates for 1% and 10% BLER targets
Observation 4:	CQI table inaccuracy further decreases the selected MCS and error rates in many cases
Proposal 1: 	No need for new BLER target in low-speed NTN GEO scenario.

Specification Support of Blind (Re)Transmissions 
RAN1 and RAN2 agreed the disabling of HARQ feedback via RRC signalling during the Rel.16 NTN study item. 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. 
Start * * * TR 38.821 * * * *  
7.2.1.4	HARQ
…
Multiple transmissions of the same TB in a bundle (e.g., MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. Soft combining of multiple transmissions according to NR Rel.15 is supported in the receiver. Multiple transmissions of the same TB (e.g., MAC schedules the same TB on the same HARQ process without the NDI being toggled) are possible and might also be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. For the uplink this behaviour can be realised within the Rel.15 specification, minor changes on the UE procedure might be needed for the downlink transmission. Soft combining of multiple transmissions of the same TB by the MAC scheduler (e.g., MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 is supported in the receiver.
… 
End * * * TR 38.821 * * * *  

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). 
For uplink another (re)transmission can be scheduled by the MAC layer without any problem as soon as the transmission is completed. TS 38.214 states the following: 
The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.
Nevertheless, for the downlink a (re)transmission can only be scheduled after the HARQ feedback for this HARQ process is transmitted by the UE. TS 38.214 states the following:
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, …
For NTN with the potential disabling of HARQ it is suggested to remove this restriction since it would result in an unspecified behaviour in case HARQ-ACK is never transmitted.
In these simulations we analyse the impact of blind HARQ retransmissions. The assumptions are the same as in previous sections, the only difference being the HARQ blind retransmissions which are seen in Table 3. As before, we are scheduling 1 UE per slot, and the possible blind retransmissions are sent immediately in following slots. For example, with 3 HARQ blind retransmissions a single UE is always scheduled in 4 consecutive slots: 1 initial transmission and 3 retransmissions.
	Scenario
	GEO, Ka-band, FR3 (Case 2)

	HARQ feedbacks
	Disabled

	# HARQ blind retransmissions
	0, 1 or 3

	Target BLER (PHY)
	10%


[bookmark: _Ref61541654]Table 3 GEO SLS Parameters for Blind Retransmissions.
Proposal 2:	Allow to send blind PDSCH (re)transmission of the same packet by MAC scheduling without waiting for the transmission of the HARQ feedback.
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[bookmark: _Ref61541687]Figure 3 DL UE RLC Throughput.
Figure 3 shows the UE DL TP without blind retransmissions and with 1 and 3 blind retransmissions. Compared to the case without them enabling blind retransmission will drop the TP to approximately 50% and 25% with 1 and 3 retransmissions, respectively. This is natural as blind retransmission cases are “wasting” resources for sending the same data always 2 or 4 times. Figure 4 shows the TB error rate where we see that blind retransmissions are effective in reducing the error rate. Already one retransmission drops the error rate significantly and 3 retransmissions are almost reaching 0% error rate. However, in the reference case the error rate is only 0.5% and thus does not justify the global usage of blind retransmissions if maximizing the throughput is the goal.
Observation 5:	Enabling blind PDSCH retransmissions for all UEs wastes resources and drops throughput significantly
[image: TB_Error_rate_after_HARQ]
[bookmark: _Ref61541765]Figure 4 Average UE DL Transport Block Residual Error Rate
Observation 6:	A single blind PDSCH retransmission was able to reduce the error rate by factor of 5 and three retransmissions almost reached a 0% error rate.
Proposal 3:	Blind retransmissions should be possible to configure per UE.

[bookmark: _Ref46231153]Channel Condition 
Table 6.6.1-1 of TR 38.811 [5] presents Line-Of-Sight (LOS) probabilities dependent on the UE environment (Dense urban, urban, suburban and rural) and the elevation angle. The table shows the larger the elevation angle the larger the LOS probability. 
	Elevation
	Dense urban scenario
	Urban scenario
	Suburban and Rural scenarios

	10°
	28.2%
	24.6%
	78.2%

	20°
	33.1%
	38.6%
	86.9%

	30°
	39.8%
	49.3%
	91.9%

	40°
	46.8%
	61.3%
	92.9%

	50°
	53.7%
	72.6%
	93.5%

	60°
	61.2%
	80.5%
	94.0%

	70°
	73.8%
	91.9%
	94.9%

	80°
	82.0%
	96.8%
	95.2%

	90°
	98.1%
	99.2%
	99.8%


Table 4 LOS probability Table 6.6.1-1 of TR 38.811[5].
Especially in GEO scenario, where we have a large distance between satellite and UE, and therefore a large pathloss, it is worth considering LOS and NLOS UEs separately before going into deep system analysis. We performed system-level simulations for GEO Ka-Band scenario with frequency reuse 3 (Case 2) and HARQ disabled assuming the following three cases as propagation condition for UE:
· all UEs are LOS
· all UEs are NLOS
· UEs are LOS or NLOS according to distribution of Table 6.6.1-1 of TR 38.811 [5].

	Scenario
	GEO, Ka-band, FR3 (Case 2)

	Channel condition
	LOS, NLOS or Dynamic

	Target BLER first Transmission (PHY)
	10%


[bookmark: _Ref61519599]Table 5 GEO SLS Parameters.
Table 5 shows the relevant SLS parameters for channel condition simulations. Other parameters are listed in the Table 1.
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[bookmark: _Ref61518143]Figure 5 DL UE RLC Throughput under different channel conditions.
Figure 5 show UE DL throughput with different channel conditions. UEs in the NLOS state almost never can receive any data. In the dynamic case is therefore heavily affected by the UE channel state; UEs in the NLOS do not get any data through while LOS UEs do. The TP of the UE in LOS state is increased compared to LOS-only simulation since there are less UEs sharing the same resources. The TP distribution of LOS UEs is not impacted significantly. However, the presence of NLOS UEs makes analysis of the system behaviour more difficult.
Observation 7:	NLOS UEs do not get any TP while LOS UEs always get some TP.
Observation 8:	The presence of NLOS UEs leaves more resources for LOS UEs therefore increasing their TP.
Observation 9:	The TP distribution of LOS UEs is not impacted by the presence of NLOS UEs.
Observation 10:	The dynamic channel condition simulations are more difficult to analyse.
Proposal 4:	For GEO scenarios change the channel model to a LOS only channel model meaning instead of Table 6.6.1-1 of TR 38.811[5] use 100% LOS probability.

[bookmark: _Ref61605526]Conclusion and Proposals
In this document, the discussion on the necessary number of HARQ processes for NTN has been continued. The changes on specifications for the support of blind retransmissions in NTN have been analysed. Furthermore, transmissions in GEO scenario with HARQ feedback disabled have been discussed. The following observations and proposals are made: 

Observation 1:	1% BLER target reduces RLC throughput by 7%.
Observation 2:	The transport block error rates in low-speed geostationary simulations are significantly below the BLER targets
Observation 3:	There is no significant difference in transport block error rates for 1% and 10% BLER targets
Observation 4:	CQI table inaccuracy further decreases the selected MCS and error rates in many cases
Observation 5:	Enabling blind PDSCH retransmissions for all UEs wastes resources and drops throughput significantly
Observation 6:	A single blind PDSCH retransmission was able to reduce the error rate from 0.5% to 0%.
Observation 7:	NLOS UEs do not get any TP while LOS UEs always get some TP.
Observation 8:	The presence of NLOS UEs leaves more resources for LOS UEs therefore increasing their TP.
Observation 9:	The TP distribution of LOS UEs is not impacted by the presence of NLOS UEs.
Observation 10:	The dynamic channel condition simulations are more difficult to analyse.

Proposal 1: 	No need for new BLER target in low-speed NTN GEO scenario.
Proposal 2:	Allow to send blind PDSCH (re)transmission of the same packet by MAC scheduling without waiting for the transmission of the HARQ feedback.
Proposal 3:	Blind retransmissions should be possible to configure per UE.
Proposal 4:	For GEO scenarios change the channel model to a LOS only channel model meaning instead of Table 6.6.1-1 of TR 38.811[5] use 100% LOS probability.
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