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Introduction
A RAN3-led Study Item on Rel-16 enhancements for NR-NTN was approved at RAN Plenary #80 [1]. The study item phase has identified HARQ scheduling and re-transmissions aspects for the considered NR-NTN deployment scenarios [2]. Solutions in the satellite and the UE will be required to enable or disable HARQ operations due to long Round Trip Time (RTT) typically experienced in NR NTN deployment scenarios..
RAN2#105 made the following agreement:
· Retransmissions at one or several layers shall be supported for NTN and configurable by the network
· The network should be able to configure the UE whether the HARQ is “turned off”.  There is no UL feedback for DL transmission if HARQ is turned off.  FFS the impact on other procedures and how to configure
RAN2#106 agreements:
· If HARQ feedback is disabled, blind HARQ (re)transmissions are still possible to improve robustness.  What blind HARQ retransmissions mean will be captured in email discussion.  
· Even if HARQ feedback is disabled, the HARQ processes are still configured. 
· Enabling / disabling of HARQ feedback is a network decision. 
RAN2#107 made agreements
· It should be possible to enabled / disabled HARQ feedback semi-statically by RRC signalling
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis
RAN1#97 made the following agreements for disabling HARQ:
Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.
RAN1#97 made the following agreements for disabling HARQ:
Evaluate impact of Satellite RTT when HARQ is enabled and potential solutions if needed
· At least the following aspects should be considered if the number of HARQ processes is > 16:
· DCI size
· HARQ soft buffer size
RAN1#98 made the following conclusion
RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 decision stating the following
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis

This contribution aims to discuss HARQ aspects for satellite deployment.
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HARQ Disabling 
In RAN1#98bis, companies were encouraged to comment on a new UCI feedback for reporting DL transmission disruption. In case UL HARQ feedback is disabled via configuration for all the HARQ process IDs, the network has no way to know sustained disruptions and errors in DL transmission due to the long satellite RTDs. In case of GEO, this disruption can be experienced for over 600 ms. 
One way to avoid such disruption is that the network configures shorter RLC window to ensure that the RLC status report is transmitted by the UE at least once per RTD. 
Another way is that the network configures at least 1 HARQ process with UL HARQ feedback enabled. The gNB can use the feedback to determine if transmission of DL packets has become un-reliable for all the HARQ processes. A CQI offset could be applied by the gNB scheduler to ensure a conservative MCS is used for scheduling of DL packets using HARQ process ID with UL HARQ feedback disabled. Another advantage is that MAC CE and important RRC signalling could be scheduled using the HARQ process ID with the UL HARQ feedback enabled.
MAC CE carried on PDSCH stops at the MAC layer and common RRC messages on CCCH do not go through RLC AM [38.322 section 4.2.1.3]. Only the dedicated RRC messages on DCCH and data on DTCH go through RLC AM. This means the RCL layer cannot be used to determine if MAC CE or RRC messages on CCCH were received by the UE; or be used to determine. 
For example, beam switching indicated by TCI state in MAC CE may not be received by the connected UE which will not do beam switching. gNB will then assume that the connected UE has done the beam switching erroneously. gNB has no way of knowing UE has not received MAC CE since not acknowledged by MAC layer if UL HARQ feedback is disabled via RRC configuration. The TCI States Activation/Deactivation for UE-specific PDSCH MAC CE is identified by a MAC PDU subheader with LCID. It contains the following fields:
-	Serving Cell ID: 5 bits;
-	BWP ID: 2 bits;
-	Ti: set to "1" to indicate that the TCI state with TCI-StateId i shall be activated and mapped to the codepoint of the DCI Transmission Configuration Indication field starting from slot+1 based on the numerology (see Table 1); otherwise if set to “0” TCI state shall be de-activated. The codepoint to which the TCI State is mapped is determined by its ordinal position among all the TCI States with Ti field set to "1", i.e. the first TCI State with Ti field set to "1" shall be mapped to the codepoint value 0, second TCI State with Ti field set to "1" shall be mapped to the codepoint value 1 and so on. The maximum number of activated TCI states is 8;
	

	

	

	


	0
	14
	10
	1

	1
	14
	20
	2

	2
	14
	40
	4

	3
	14
	80
	8

	4
	14
	160
	16


Table 1: Number of OFDM symbols per slot, slots per frame, and slots per subframe.

In case on NR-NTN, the beam switching occurs when the UE falls out of coverage of a satellite beam and within coverage of the next beam on the satellite trajectory. The RTD can be around 28 ms assuming LEO or 600 km. Consider HARQ process ID#0 to transmit MAC CE with TCI activation / de-activation. The total delay for LEO at 600 km could be 28 ms plus some processing delay of several ms in the UE to generate the UL HARQ A/N feedback. As the dwell time can be of the order of several seconds depending on the elevation angle and the beam size, it seems not a significant issue to use the timeline of HARQ process ID#0 to transmit MAC CE with TCI activation / de-activation. The gNB can make sure that MAC CE carrying the TCI activation is sent with sufficient time before the UE falls out of coverage of a beam. The gNB could also not wait to receive the UL HARQ feedback for UL HARQ process ID#0 and transmit the MAC CE with TCI update on new packet on HARQ process ID#0 allowing UE processing time for the previous packet.      
Observation 1: The gNB does not need to wait to receive the UL HARQ feedback and can transmit the MAC CE with TCI update on any HARQ process ID whether the UL HARQ feedback is enable or disabled 
Observation 2: The gNB can send MAC CE carrying the TCI activation for beam switching with sufficient time before the UE falls out of coverage of a beam. 
Proposal 1: At least one HARQ process is configured with UL HARQ feedback enabled.

HARQ Enhancements
Number of HARQ processes in NR-NTN
Based on RAN2 agreement, the enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis. In cellular NR, rank assumption is limited to 4 for SRS transmission in the UE. There can be 16 HARQ processes configured per codeword per component carrier with SCS=15 kHz. There are 2 codewords maximum per spatial layer and 8 component carriers maximum in release 15. Hence the maximum total number of HARQ processes over 2 codewords and 8 component carriers could be up to 16*2*8= 256 in rel-15 NR NTN. Depending on UE capability for data rates, there is risk that increasing the number of HARQ processes to greater than 16 in NR-NTN will result in much larger total number of HARQ processes depending on the assumptions for the bandwidth, number of codewords, number of component carriers, modulation order, and so on. Until these transmission parameters are discussed in RAN1, it seems prudent to not increase the number of HARQ processes to greater than 16 unless it can be justified with analysis. Further, whether the number of HARQ processes can be greater than 16 should only be considered if it is a UE capability.
HARQ processing, HARQ feedback, and HARQ re-transmissions increase latency due to stop-and-wait – i.e. gNB needs to wait for UL HARQ feedback following HARQ transmission, and UE needs to wait for HARQ re-transmission following HARQ processing and transmission of UL HARQ feedback. The increase latency results in a reduced user throughput in the UE assuming 16 HARQ processes due to the longer satellites RTD. Assuming all the HARQ process IDs are configured with UL HARQ feedback disabled, there is no stop-and-wait. This means that the maximum throughput is not limited by the latency. Figure 1 and Figure 2 below show a comparison of 
· NR-NTN with 16 HARQ processes with all UL HARQ feedback disabled via RRC, where RLC ARQ is used for reliability. There is no stop-and-wait due to HARQ protocol. Target BLER is 0.1%.
· NR NTN with 32 HARQ processes with all UL HARQ feedback enabled via RRC.  The number of HARQ processes is sufficient to accommodate RTD experienced in LEO=600 km and avoid stop-and-wait due to HARQ protocol. Target BLER is 10% and 1%.
· NR-NTN with 16 HARQ processes with all UL HARQ feedback enabled via RRC. There is stop-and-wait due to HARQ protocol. Target BLER is 10% and 1%.
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Figure 1: Downlink throughput Vs required SNR, BW=30 MHz, RTT=32 ms, code rates 0.2, 0.33, 0.4, 0.5, 0.667, 0.75, 0.833, 0.889, 0.917, 0.93 for QPSK only, and   RTT = 32 ms 
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Figure 2: Downlink throughput Vs required SNR, BW = 30 MHz, RTT=32 ms, code rates 0.2, 0.33, 0.4, 0.5, 0.667 for QPSK and code rates 0.33, 0.4, 0.5, 0.667, 0.75, 0.833, 0.889, 0.917, 0.93 for 16QAM, and   RTT = 32 ms
The throughput curves were determined by using LDPC BLER curves with code rates ranging from 0.93, 0.917, 0.899, 0.833, 0.75, 0.667, 0.5, 0.4, 0.337 for BG1 and 0.75, 0.667, 0.5, 0.4, 0.337, 0.2 for BG2. BG1 is known to be under performing for small blocks, where BG2 should instead be used. BG switch points are: 1/4 rate, K = 3824 and K = 308 information bits per block. For rate < 1/4, always use BG2. For K < 308, always use BG2. For K > 3824 always use BG1. For rate > 2/3 always use BG1. It can be observed that when comparing 32 HARQ processes with RLC ARQ, the difference in required SNR is within a CQI quantization step of 1 dB. Hence, it cannot be concluded that more than 16 HARQ processes can improve significant resource efficiency compare to RLC ARQ in NR NTN. 
Required SNR to achieve BLER targets are shown in Figure 3 for code rate 0.2975 with QPSK and r=0.4772 with 16QAM ((CQI=4 and CQI=8 respectively based on TS 38.214, Table 5.2.2.1-4: 4-bit CQI table). It can be observed on Figure 2 that the BLER curves are very steep in TDL-D channel profile in NR-NTN. An SNR gain in the order of 1 dB is required to achieve a BLER target of e-3 compare to BLER target of e-1. This represents less than a CQI step for the gNB scheduler. Hence, it is not thought that the impact on the spectral efficiency would be a significant factor for achievable maximum throughput when UL HARQ feedback is disabled. The link-level simulation parameters for Figure 1, 2, and 3 are given in Table 1 in the Appendix below
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Figure 3: BLER performance for TDL-D channel profile 
  

Observation 3: 	There is no significant increase in maximum throughput when increasing number of HARQ processes to greater than 16 compare to HARQ operations without stop-and-wait when UL HARQ feedback is disabled in NR NTN.
Proposal 2: Greater than 16 HARQ process IDs is not supported in NR-NTN.

Soft combining of HARQ transmissions
Based on our proposal 1, at least one HARQ process ID with UL HARQ feedback enabled should be configured by the network. It seems reasonable to have several HARQ processes with UL HARQ feedback enabled depending on max data rates assumption for a given UE. Assume for example, that the network configures 2 HARQ pools.  Pool#1 has 8 HARQ process 0, 1, .., 7 with UL HARQ feedback enabled and Pool#2 has 8 HARQ processes 8, 9, .., 15 with UL HARQ feedback disabled. The network can expect UE to do soft combining of re-transmitted TBs scheduled using HARQ process ID in Pool #0. The network should not expect UE to do soft combining of re-transmitted TBs scheduled using HARQ process ID in Pool #1, though it can be up to the UE to do the soft combining depending on UE implementation of soft buffer management.
The size of the 2 pools can be configured using the number of HARQ processes with soft combining requirement N1_HARQ_Soft_Combining in addition to the total number of HARQ processes N. On reception of the DCI if the HARQ process ID is in HARQ Pool#1, the UE is required to apply soft combining, otherwise if it is in HARQ Pool#2. soft combining is not required.
Proposal 3: Whether HARQ process IDs with UL HARQ feedback disabled via RRC can do HARQ soft combining is a UE capability.
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Figure 2: Use of 2 Pools HARQ processes

Slot aggregation with self-decodable RV
The removal of soft buffering requirements for HARQ processes of Pool 2, would mean that retransmissions which are not self-decodable do not improve performance if soft combining is not applied by the UE side. As observed in [4, 5], code restrictions apply to RV2 and RV3 due to significant loss in performance.
For block size BG1 = 4224 bits,
· RV0 is self-decodable for rates <= 0.95
· RV3 is self-decodable for rates < 0.935
· RV2 is self-decodable for rates < 0.5
For block size BG2 = 2560 bits
· RV0 is self-decodable for rates <= 0.935 
· RV3 is self-decodable for rates <= 0.7
· RV2 is self-decodable for rates<=1/3

Hence, RV0 is by design self-decodable for all applicable coding rates, RV1 is not self-decodable. For slot aggregation with RV cycling, in order not to lose performance the cycling has to be restricted to either ‘RV0’ or ‘RV0 and RV3’. The code restrictions for use RV2 seem too high. 
Proposal 4: When slot aggregation is used with HARQ processes with no soft combining requirements, RV cycling should be disabled with RV fixed to RV0, or enabled only with the cycling over ‘RV0 and RV3’ only.
In NTN, if UE is in very low SNR conditions, the use of slot aggregation allows to achieve lower effective coding rate. However in these low SNR conditions channel estimation error leads to large performance degradation.
DMRS time domain bundling over the aggregated slots can allow cross slot channel estimation to improve the channel estimate quality. This is achievable for slot aggregation where the frequency allocation across the aggregated slots is the same, and comes at no cost for NTN since the Tx precoder is unlikely to change across the different slots because of limited number of Tx antennas in NTN scenarios (1 or 2 Tx antennas) and the absence of multi-paths at the satellite side in case of the DL. 
Proposal 5: Support of DMRS time domain bundling for slot aggregation.

Conclusion
In this contribution, we discussed Delay-tolerant re-transmission mechanisms in NR-NTN. We made the following observations and proposals.
Observation 1: The gNB does not need to wait to receive the UL HARQ feedback and can transmit the MAC CE with TCI update on any HARQ process ID whether the UL HARQ feedback is enable or disabled 
Observation 2: The gNB can send MAC CE carrying the TCI activation for beam switching with sufficient time before the UE falls out of coverage of a beam. 
Proposal 1: At least one HARQ process is configured with UL HARQ feedback enabled.
Observation 3: 	There is no significant increase in maximum throughput when increasing number of HARQ processes to greater than 16 compare to HARQ operations without stop-and-wait when UL HARQ feedback is disabled in NR NTN.
Proposal 2: Greater than 16 HARQ process IDs is not supported in NR-NTN.
Proposal 3: Whether HARQ process IDs with UL HARQ feedback disabled via RRC can do HARQ soft combining is a UE capability.
Proposal 4: When slot aggregation is used with HARQ processes with no soft combining requirements, RV cycling should be disabled with RV fixed to RV0, or enabled only with the cycling over ‘RV0 and RV3’ only.
Proposal 5: Support of DMRS time domain bundling for slot aggregation.
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Appendix

[bookmark: _Ref20742967]Table 1: Link level simulation parameters
	LEO
	600 km

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz

	Channel Bandwidth
	10 MHz

	UE speed
	3 km/h

	Channel model
	NTN-TDL-D

	Desired DS
	300 ns

	Satellite antenna configuration
	1 Tx

	UE antenna configuration
	(1, 1, 2) with omni-directional antenna element

	RTT
	32 ms

	Number REs
	600

	LDPC code
	BG1, BG2

	ECRs
	0.95, .925, 8/9, 5/6, 3/4, 2/3, 1/2, 2/5, 1/3, 0.2

	Channel Estimator
	MMSE
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