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1. Introduction
In RAN#80, a new SI “Solutions for NR to support non-terrestrial networks (NTN)” was approved[1]. The SID was further revised to limit the scope in Release 16 to key issues and solutions associated with transparent GEO and LEO satellite based non-terrestrial access networks (moving beam on earth)[2]. The new study item has objectives related to the physical layer as below:
	Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]



In this contribution, we share our considerations on more delay-tolerant re-transmission mechanisms which may include the capability to deactivate the HARQ feedback mechanisms.
2. HARQ disabling
[bookmark: _Hlk15897146]2.1 Dynamic HARQ disabling
Based on the analysis in [3], the round-trip delay (RTD) of LEO satellites at 600 km is 28.408ms and 544.751ms for GEO satellites at 35786km. These RTDs exceed the maximum conventional HARQ timers (after which an ACK is received) or the maximum possible number of HARQ processes, especially for GEO satellites. As HARQ process is a very time-critical mechanism, mechanisms to deactivate the HARQ shall be considered in RAN1.
[bookmark: _Hlk15897215]Both RAN1 and RAN2 have been studying this issue and some progress has been achieved in past meetings.  
In RAN1#97 meeting [4], the following agreements were achieved:
	Agreement:
Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.


In RAN1#98 meeting [5], the following conclusions were reached:
	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



[bookmark: _Hlk15897265]In RAN2#107 meeting [6], the following agreements were achieved: 
	Agreements
5. It should be possible to semi-statically enable / disable HARQ feedback by RRC signalling. 
6. The enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling


Based on the agreements, we found that RAN2’s agreements were captured incorrectly in RAN1’s conclusion. As RAN2 agreed that the enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling, RAN1 can continue discussion on dynamic HARQ disabling via DCI signalling.
Observation 1: The RAN2#107 decision is captured incompletely in the conclusion of RAN1#98 meeting. As RAN2 agreed that the enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling, RAN1 can continue discussion on dynamic HARQ disabling via DCI signalling.

Based on the observation, we would like to discuss the difference between HARQ disabling per HARQ process via RRC signalling and HARQ disabling per HARQ process via DCI signalling.
· Disabling via RRC signalling. RRC configures a set of HARQ process IDs for which HARQ feedback is disabled, the MAC scheduler can assign packets dynamically to differently configured HARQ processes on a per packet basis in a dynamic way. 
· Disabling via DCI signalling. RRC configures the HARQ disabling/enabling per UE, DCI decides the disabling/enabling per HARQ process.
Based on RAN2’s agreements, it is possible that RRC configures HARQ enable/disable per HARQ process and MAC selects the HARQ process IDs for dynamic HARQ scheduling. However, we found it quite limiting to use this semi-static configured enabled/disabled HARQ process for dynamic scheduling in NTN.
For HARQ disabling/enabling, at least the following aspects should be considered. 
· The reliability of the traffic. For traffic with a high reliability requirement, HARQ shall be enabled, otherwise, HARQ can be disabled to improve the efficiency. For example, SRBs which carry RRC signalling and packets which carry the MAC CE require high reliability.
· The data rate of the traffic. For traffic with high rate requirement, HARQ shall be disabled, whilst, HARQ can be enabled for low rate traffic to improve the robustness. For example, the DRBs carrying the eMBB data are traffic with high rate requirement.
· The UE’s HARQ buffer status. With the NTN need to increase parallel HARQ process number because of the long RTT, a UE’s HARQ buffer for soft combining may be limited. HARQ shall be disabled when the buffer is limited. 
Firstly, the service load changes dynamically, configuring the HARQ processes for each service semi-statically will limit the use of HARQ process numbers, especially since more HARQ processes are needed to compensate the large RTT in NTN. 
Secondly, the HARQ buffer varies dynamically with the channel state. As repeat transmission or blind re-transmissions (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) can be supported to lower the residual BLER, it is possible that for the same service with HARQ disabled, TB#1 is one-shot transmission, while TB#2 is transmitted 4 times due to the poor channel condition. In that sense, as the HARQ buffer is shared by all the HARQ processes, the HARQ buffer full rate varies due to the dynamic re-transmission numbers which are impacted by the channel state. Configuring the HARQ processes for each service semi-statically will limit the use of the HARQ buffer, thereby impacting the maximum supported HARQ process number in NTN.
Besides the service requirements and HARQ buffer issue, the flexibility of semi-persistent scheduling (SPS) and configured grant is limited due to the semi-static configuration. Based on current spec. [8], the HARQ process ID for SPS is derived from the following formula:
HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
while for the uplink configured grant type 2, the HARQ process ID is derived from the following formula:
HARQ Process ID = [floor (CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
and the CURRENT_slot is where the DL transmission starts, the CURRENT_symbol is the first symbol of a UL transmission, which are indicated by the DCI scrambled by CS-RNTI. In that sense, there is a relationship between HARQ process ID of SPS/configured grant type 2 and time domain resource allocation. If a set of HARQ process IDs are pre-configured as HARQ disabled via RRC, gNB can only select the corresponding time offset for SPS/configured grant type 2, which will reduce the scheduling flexibility greatly.
Observation 2: HARQ disabling via RRC will limit scheduling flexibility for SPS and Configured grant Type 2
HARQ disabling by DCI is more flexible and so can better meet the requirements of dynamic services with changing load and dynamic channel state changes. and will not limit the SPS/configured grant type 2 scheduling flexibility. Therefore, we propose to support dynamic HARQ disabling via DCI signalling.
To support dynamic HARQ disabling via DCI signaling, adding a new bit in DCI to indicate the HARQ disabling is the most direct way, however, it will increase the signaling overhead of DCI. Another method is reusing existing fields in DCI to indicate HARQ disabling. The following method can be considered:
· The field for PDSCH-to-HARQ_feedback timing indicator is used to indicate the time gap between PDSCH transmission and the reception of ACK/NACK for the PDSCH represented as K1. A specific state of this field, e.g., all ‘0’ can be defined to indicate the HARQ disabling. Whenever UE receives all ‘0’ for the field of PDSCH-to-HARQ_feedback timing indicator, the UE will know that this PDSCH transmission does not require ACK/NACK feedback and, if repeat transmission is configured, perform soft-combining for each TB based on the HARQ process number. The values of K1 corresponding to the states other than all’0’ should be modified to accommodate the long RTD in NTN.
Proposal 1: Dynamic HARQ disabling via DCI signaling should be supported. The following options should be studied:
· Option 1: Additional field in DCI to inidcate HARQ disabling
· Option 2: Reuse existing DCI field to indicate HARQ disabling
2.2 Beam switching timeline when HARQ processes are ack/nack disabled
NTN is a beam-based network as illustrated in Fig. 1. In Option a, one satellite cell includes multiple satellite beams while in Option b, there is one PCI per satellite beam. In the case of one satellite cell including multiple satellite beams (Option a), UE should track the serving beam due to the relative movement between UE and satellite and perform Layer-1 beam switching based on the beam measurement results and/or satellite ephemeris.
[image: ]
Fig. 1 Options for PCI and SSB mapping into satellite beams [7]
According to the current specification, each UE can be configured with multiple beams for physical channels, e.g., PxCCH, PDSCH, MAC CE is used to activate/deactivate one or part of beam(s) from the multiple beams, and a HARQ-ACK based timeline is defined to ensure beam alignment between gNB and UE. Take PDCCH beam activation as an example: as Fig. 2(a) shows, if the UE receives a MAC CE activation command for one of the RRC configured beams represented as TCI #2, the UE applies the activation command in the first slot 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the activation command. 
As discussed in section 2.1, HARQ-ACK shall be supported for PDSCH carrying important signaling like beam activation/deactivation, however, assuming mechanisms like lower MCS, repetition are adopted to maintain the reliability when HARQ feedback for the HARQ process of the PDSCH carrying the MAC CE signaling is disabled, the following beam activation/deactivation timeline can be considered:
· When HARQ-ACK feedback is disabled for the PDSCH carrying the MAC CE activation/deactivation command, if the UE receives a MAC CE of beam activation/deactivation command for one of the beams for PDCCH/PUCCH at slot n, the UE applies the activation/deactivation command at slot n+m as Fig.2(b) shows, wherein the slot number [m] can be configured by RRC.
· When HARQ-ACK feedback is disabled for the PDSCH carrying the MAC CE activation/deactivation command, if the UE received a MAC CE of beam activation/deactivation command for part of the beams for PDSCH at slot n, the UE applies the indicated mapping between beams and codepoints of the DCI field at slot n+m, wherein the slot number [m] can be configured by RRC.
Similar methods can be considered for semi-persistent resource activation/deactivation of ZP-CSI-RS, NZP CSI-RS, CSI-IM, CSI reporting and SRS in NR.
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Fig. 2(a) HARQ-ACK based beam switching timeline
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Fig. 2(b) HARQ-ACK less based beam switching timeline

Proposal 2: When HARQ-ACK is disabled for the PDSCH carrying the MAC CE of beam activation/deactivation command:
· If the UE received a MAC CE of beam activation/deactivation command for PUCCH/PDCCH at slot n, the UE applies the activation/deactivation command at slot n+m, FFS the value of slot number [m].
· If the UE received a MAC CE of beam activation/deactivation command for PDSCH at slot n, the UE applies the indicated mapping between beams and the codepoints of the DCI field at slot n+m, FFS the value of slot number [m].
2.3 Impact on HARQ codebook when HARQ feedback is disabled for some HARQ processes
Type 1 HARQ codebook can provide robustness against missed DCI transmissions, whose length depends on the TDRA table, serving cell numbers and dl_DataToUL-ACK. All these parameters are RRC configured which means the length of type 1 HARQ codebook is decided once the RRC parameters are configured. However, as illustrated in section 2.1, the MAC scheduler can assign packets to differently configured HARQ processes on a per packet basis in a dynamic way. In that sense, the Type 1 HARQ codebook which assumes that all HARQ processes need ACK/NACK feedback will cause large redundancy overhead. For example, if a UE is configured with 16 HARQ process in the serving cell, while HARQ process ID#1 is configured for ACK/NACK feedback enabled, the other HARQ process IDs are configured for ACK/NACK feedback disabled, the UE has to reserve the ACK/NACK bits for all 16 HARQ processes in the feedback occasion. In that sense, around 15/16 redundancy bits are reserved which will cause large overhead.
Observation 3: Type 1 HARQ codebook will cause large redundancy overhead when HARQ feedback is disabled for some HARQ processes.

3. HARQ Process Number
Another issue in NTN is the number of HARQ processes, and the following agreement was achieved [4].
	Agreement:
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


In current spec., a 4-bit field in DCI is used to indicate the HARQ process ID. To minimize the specification impact, we think the HARQ process ID field size should remain unchanged even if the HARQ process number is increased. 
Regarding the HARQ soft buffer size, different UEs may have different capabilities with different HARQ soft buffer sizes. The gNB can configure different numbers of HARQ processes based on UE capability. Based on RAN2’s agreements, blind HARQ (re)transmissions are still possible to improve robustness even if HARQ feedback is disabled, and the HARQ processes need configuring at least for this. Therefore, we propose to support more than 16 HARQ process numbers in NTN for high capability UEs with 4-bit HARQ process ID field in DCI remains unchanged, and methods of increasing HARQ process number implicitly, e.g., synchronous HARQ scheme can be considered for high capability UEs.
Proposal 3: The 4-bit HARQ process field in DCI should remain unchanged.
Proposal 4: Support more than 16 HARQ process number in NTN for high capability UEs. 
4. Summary
In this contribution, we provide considerations on more delay-tolerant HARQ for NTN. Following is our observations and proposals.
Observation 1: The RAN2#107 decision is captured incompletely in the conclusion of RAN1#98 meeting. As RAN2 agreed that the enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling, RAN1 can continue discussion on dynamic HARQ disabling via DCI signalling.
Observation 2: HARQ disabling via RRC will limit scheduling flexibility for SPS and Configured grant Type 2
Observation 3: Type 1 HARQ codebook will cause large redundancy overhead when HARQ feedback is disabled for some HARQ processes.

Proposal 1: Dynamic HARQ disabling via DCI signaling should be supported. The following options should be studied:
· Option 1: Additional field in DCI to inidcate HARQ disabling
· Option 2: Reuse existing DCI field to indicate HARQ disabling
Proposal 2: When HARQ-ACK is disabled for the PDSCH carrying the MAC CE of beam activation/deactivation command:
· If the UE received a MAC CE of beam activation/deactivation command for PUCCH/PDCCH at slot n, the UE applies the activation/deactivation command at slot n+m, FFS the value of slot number [m].
· If the UE received a MAC CE of beam activation/deactivation command for PDSCH at slot n, the UE applies the indicated mapping between beams and the codepoints of the DCI field at slot n+m, FFS the value of slot number [m].
Proposal 3: The 4-bit HARQ process field in DCI should remain unchanged.
Proposal 4: Support more than 16 HARQ process number in NTN for high capability UEs.
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