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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]. RAN1 concluded that “HARQ Round Trip Time in NR is of the order of several ms. The propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the satellite orbit. The HARQ RTT can be much longer in NTN. It was identified early in the study phase that there would be a need to discuss potential impact and solutions on HARQ procedure. RAN1 has focussed on physical layer aspects while RAN2 has focused on MAC layer aspects.”.
RAN2 made the following conclusions on HARQ in Release-16 NTN SI [TR 38.821 V16.0.0, Section 9.2]:
· enabling / disabling of uplink HARQ feedback for downlink transmission at the UE receiver should be configurable per UE and per HARQ process. 
· enabling / disabling of HARQ uplink retransmission should be configurable per UE or per HARQ process. The LCP impact caused by disabling the HARQ uplink retransmission configuration and its impact on UE's uplink transmission should be discussed in the work item phase.
· Multiple transmission of the same TB to lower residual BLER should also be configured.
RAN1 made the following conclusion that the following with regards to HARQ should be discussed when specifications are developed [TR 38.821 V16.0.0, Section 9.1]:
· Number of HARQ process with additional considerations such as HARQ feedback/buffer size and RLC ARQ feedback/buffer size in the case of LEO and GEO scenarios 
RAN1 considered a number of solutions where the number of HARQ processes is increased to match the longer satellite round trip delay to avoid stop-and-wait in HARQ procedure. RAN1 also considered solutions where UL HARQ feedback is disabled to avoid stop-and-wait in HARQ procedure and rely on RLC ARQ for reliability. There was no convergence in RAN1 on options for HARQ enhancements for soft buffer management and stop-and-wait time reduction.
This contribution aims to discuss HARQ aspects for satellite deployment.
[bookmark: _Ref481671177]	
Scope of HARQ Enhancements 
Number of HARQ processes
During Release 16 NTN SI, it was considered that the minimum number of HARQ process, NHARQmin, can be be scaled up in NTN scenarios. There can be 16 HARQ processes configured per codeword per component carrier with SCS=15 kHz. TThe minimum number of HARQ processes assuming one CodeWord (CW)  and one Component Carrier (CC) can be approximated from RTT delay, denoted by THARQ, as

· With max RTT up to 50 ms in LEO scenarios, 50 HARQ processes will be required with 1 CW and 1 CC with Tslot = 1ms. 
· With max RTT up to 600 ms in GEO scenarios,  600 HARQ processes will be required with 1 CW and 1 CC with Tslot = 1 ms. 
There are 1 codeword per spatial layer with 2 spatial layers maximum and 8 component carriers maximum in release 15. Hence the maximum total number of HARQ processes would scale up with number of codewords and number of component carriers. This approach is not practical with rel-15 NR HARQ solutions implemented in device or gNB. 
Observation 1: Increasing the number of HARQ processes to match satellite round trip delay to avoid stop-and-wait in HARQ procedure results in a very high number of HARQ processes in device and gNB for LEO and GEO.
RLC ARQ 
In case UL HARQ feedback is disabled via configuration for all the HARQ process IDs, the network can know of sustained disruptions and errors in DL transmission due to the long satellite RTDs in the MAC layer via RLC status report. There seems to be no obvious gain from latency view point to use HARQ re-transmissions over MAC layer instead of using ARQ re-transmission over the RLC layer. There is no impact on specifications for RLC status report as suitable RLC window size parameters can be chosen for LEO or GEO scenarios – i.e. t-PollRetransmit = {5, 10, 15, 20, 25, …, 400, 450, 500, 800, 1000, 2000, 4000 ms} and t-Reassembly = {5, 10, 15, 20, 25, …, 400, 450, 500, 800, 1000, 2000, 4000 ms}. For GEO, the RLC window can be set to be shorter than the satellite RTD. For example, the connected UE could be configured to transmit the RLC status report every 20 ms for GEO, which would ensure that up to 30 RLC status reports per one satellite RTD of 600 ms could be received. Similarly, the connected UE could be configured to transmit the RLC status report every 5 ms for LEO, which would ensure that up to 10 RLC status reports per one satellite RTD of 50 ms could be received. 
A shorter RLC window with more frequent RLC status report will allow the network to know when bad conditions on the satellite link results in many packets not being received reliably. The network would then be able to mitigate this issue with either scheduling packets with a lower MCS, higher aggregation factor to increase reliability or suspend scheduling of packets to the UE. 
This type of RLC configuration for LEO or GEO does not require new specifications. 
Observation 2: The network can choose to configure shorter RLC window size parameters t-PollRetransmit = {5, 10, 15, 20, 25, …, 400, 450, 500, 800, 1000, 2000, 4000 ms} for UL and t-Reassembly = {5, 10, 15, 20, 25, …, 400, 450, 500, 800, 1000, 2000, 4000 ms} for DL in ul-AM-RLC and dl-AM-RLC configurations to match the satellite RTD without change to specifications. 
Observation 3: The network can configure shorter RLC window with the RLC status report transmitted by the UE at least once or several times per satellite RTD for LEO and GEO.
Observation 4: Disabling UL HARQ feedback per UE per HARQ process and relying on shorter RLC window with RLC ARQ re-transmission for LEO and GEO will have the following benefits
· No stop-and-wait due to UL HARQ feedback: this has the advantage of not decreasing the peak throughput even if the number of HARQ processes is kept to 16
· Re-use legacy DCI 
· No impact on HARQ soft buffer
Disabling of HARQ 
Reliability of Message 3 in RACH procedure cannot be achieved via RLC ARQ as RLC AM is not possible before contention resolution has completed. The simplest way to ensure reliability is not to disable UL HARQ retransmissions before contention resolution in random access procedure has completed. RRC configuration for enabling / disabling of UL HARQ retransmissions can be used.
The message 3 transmission uses a HARQ message 3 buffer during random access procedure, which is separate from HARQ buffer used for UL retransmissions of data in connected mode. Hence, UL HARQ retransmissions for message 3 on any HARQ process ID can be used without any HARQ buffer issues. The RRC configuration for disabling of UL HARQ retransmissions per UE per process for data transfer in connected mode can be ignored. 
Observation 5: Reliability of Message 3 in RACH procedure cannot be achieved via RLC ARQ as RLC AM is not possible before contention resolution has completed.
Proposal 1: UL HARQ retransmissions is not disabled for Message 3 transmission in RACH procedure.
Low-bandwidth applications which do not require UEs to be scheduled with maximum data rates can be scheduled with HARQ feedback enabled. For example, assume there are several UEs which require each data rates of up to 1 Mbit/s to run typical video stream applications and further assume that the system bandwidth is 10 MHz in a LEO scenario at 600 km orbital distance. The latency requirements of LEO with RTD of up to 28 ms are not an issue for the video streaming that may use video stream buffering over several tens or hundreds of ms if needed. The gNB scheduler can schedule the UEs for low-bandwidth applications or control-plane signalling without need to disable HARQ feedback for any of the HARQ processes for the UEs. For GEO, HARQ feedback can be disabled per UE for most processes due to the very long RTD of up to 600 ms. There can be exceptions for example for control-plane signalling or MAC CEs and is a matter for RRC configuration of the UE.
Observation 6: Low-bandwidth applications or control-plane signalling which do not require to be scheduled with maximum data rates can be scheduled with HARQ feedback enabled. 
HARQ disabling is likely to impact specification of many NR features. In particular, timing of MAC CE activation/deactivation and reliability would become significant issues if HARQ is disabled. One solution is to ensure the UE can at least expect one HARQ process to be configured with UL HARQ feedback. It is not clear if this needs to be specified or can be left to the network configuration. 
Proposal 2: Whether UE should expect that at least one HARQ process is configured with UL HARQ feedback for MAC CE activation / de-activation is specified or up to network configuration can be further discussed.

Soft combining of HARQ transmissions
It is not necessary to disable HARQ for all HARQ processes. The configuration may depend on many factors such as LEO or GEO systems, types of application, UP data or CP signalling, required QoS and so on. It is up to the network to configure disabling of HARQ per UE per process. One possibility is that the network does not disable HARQ on any process. Another possibility is that the network disable HARQ for all the processes. Another way is that the network configures 2 HARQ process pools as illustrated in Figure 1. 
For example 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 #1. The network should not expect UE to do soft combining of re-transmitted TBs scheduled using HARQ process ID in Pool #2. 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, the UE can check whether the HARQ process ID is in HARQ Pool#1 or #2, and apply soft combining accordingly. It can be a UE capability whether the UE can soft combine transmissions scheduled with a HARQ process ID in Pool#2 depending on its implementation of soft buffer management. 
Observation 7: The HARQ parameters for each pool can be configured differently to ensure adequate reliability – i.e. Block error rate target, MCS table, aggregation factor, Time Domain and Frequency Domain resource allocation, PRB bundling, etc.
Proposal 3: The network can configure one HARQ process pool with UL HARQ feedback enabled and one HARQ process pool with UL HARQ feedback disabled. 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 1: Use of 2 Pools HARQ processes

Air-To-Ground Scenario
Figure 2 illustrate an example scenario for ATG scenario. A configuration with Guard Period within  TDD UL-DL switching periodicity (e.g 20 ms) with DL dominated  configuration (e.g. > 16 DL slots) was proposed for ATG NR TDD in [4]. A Guard Period is also used in LTE TDD with (pre-)configuration of DL and UL subframes. In the example, UE can only send UL HARQ feedback in UL slots after GP within 20 ms – i.e. ATG latency is increased from ~1 ms to up to 20 ms. 
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Figure 2: Air-To-Ground scenario
Rel-8 LTE TDD specified > 8 HARQ processes - i.e. 15 HARQ processes (=8+7) for DL (TDD UL-DL subframe config #5 “DSUDDDDDDD”) and LTE RTT=8 ms. LTE HARQ RTT = 8 ms allows for TB transmission on PDSCH, UE processing time, prepare and transmit UL HARQ feedback on PUSCH/PUCCH, eNB processing time, prepare re-transmission of TB on PDSCH. This illustrated in Figure 3.[image: ]

Figure 3: LTE TDD UL-DL subframe config #5
A similar approach can be used for ATG NR TDD. Assume SCS=15 kHz, Tslot= 1ms. Gap Period can be ~1 ms – 2 ms (1 or 2 subframes). ATG NR TDD with 20 ms UL-DL switching periodicity, 16 DL subframes, 2 Gap subframes, 2 UL subframes  “DDDDDDDDDDDDDDDDGGUU” as illustrated in Figure 4. The ATG NR HARQ RTT is 6 ms as shown in Figure 5. This includes ATG propagation delay, time to transmit TB, UL HARQ Feedback, and re-transmit TB. Note that decoding TB in PDSCH, preparing UL HARQ feedback and transmit it on PUSCCH/PUSCH include a one-way ATG propagation delay takes approximately 3 ms. The UE processing time is N1=8 symbols < 1 ms for numerology u=0. The eNB processing time is N1= 10 symbols < 1 ms. The maximum ATG one-way propagation delay is assumed to be 1 ms. In the considered example for ATG NR TDD, 16 HARQ processes are sufficient. There is no stop-and-wait due to UL HARQ feedback for any of the 16 HARQ processes which can use either of the UL subframes for the transmission of the corresponding UL HARQ feedback. 
Observation 8: 16 HARQ processes are sufficient for ATG NR TDD with 20 ms UL-DL switching periodicity.
Observation 9: The value range of K1 for the scheduling gap between the DL packet on PDSCH and the corresponding UL HARQ feedback on PUSCH/PUCCH may need to be increased.
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Figure 4: ATG NR TDD with 20 ms UL-DL switching periodicity 
[image: ]







Figure 4: ATG NR TDD RTT including ATG one-way propagation delay 

Conclusion
In this contribution, we discussed scope of HARQ enhancements.We made the following observations and proposals:
Observation 1: Increasing the number of HARQ processes to match satellite round trip delay to avoid stop-and-wait in HARQ procedure results in a very high number of HARQ processes in device and gNB for LEO and GEO.
Observation 2: The network can choose to configure shorter RLC window size parameters t-PollRetransmit = {5, 10, 15, 20, 25, …, 400, 450, 500, 800, 1000, 2000, 4000 ms} for UL and t-Reassembly = {5, 10, 15, 20, 25, …, 400, 450, 500, 800, 1000, 2000, 4000 ms} for DL in ul-AM-RLC and dl-AM-RLC configurations to match the satellite RTD without change to specifications. 
Observation 3: The network can configure shorter RLC window with the RLC status report transmitted by the UE at least once or several times per satellite RTD for LEO and GEO.
Observation 4: Disabling UL HARQ feedback per UE per HARQ process and relying on shorter RLC window with RLC ARQ re-transmission for LEO and GEO will have the following benefits
· No stop-and-wait due to UL HARQ feedback: this has the advantage of not decreasing the peak throughput even if the number of HARQ processes is kept to 16
· Re-use legacy DCI 
· No impact on HARQ soft buffer
Observation 5: Reliability of Message 3 in RACH procedure cannot be achieved via RLC ARQ as RLC AM is not possible before contention resolution has completed.
Proposal 1: UL HARQ retransmissions is not disabled for Message 3 transmission in RACH procedure.
maximum data rates can be scheduled with HARQ feedback enabled. 
. 
Proposal 2: Whether UE should expect that at least one HARQ process is configured with UL HARQ feedback for MAC CE activation / de-activation is specified or up to network configuration can be further discussed.
Observation 7: The HARQ parameters for each pool can be configured differently to ensure adequate reliability – i.e. Block error rate target, MCS table, aggregation factor, Time Domain and Frequency Domain resource allocation, PRB bundling, etc.
Proposal 3: The network can configure one HARQ process pool with UL HARQ feedback enabled and one HARQ process pool with UL HARQ feedback disabled. Whether HARQ process IDs with UL HARQ feedback disabled via RRC can do HARQ soft combining is a UE capability.
Observation 8: 16 HARQ processes are sufficient for ATG NR TDD with 20 ms UL-DL switching periodicity.
[bookmark: _GoBack]Observation 9: The value range of K1 for the scheduling gap between the DL packet on PDSCH and the corresponding UL HARQ feedback on PUSCH/PUCCH may need to be increased.
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