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1. Introduction 
Following agreement regarding DL HARQ process was made in RAN2#111e meeting.
· From a RAN2 perspective, for DL, HARQ feedback can be enabled/disabled in Rel-17 NTN, but HARQ processes remain configured. The criteria and decision to enable/disable HARQ feedback is under network control and is signalled to the UE via RRC in a semi-static manner. FFS for UL

Following agreements regarding UL HARQ process were made in RAN2#115e meeting.

1. For at least dynamic grants, the network may optionally configure an UL HARQ retransmission state per HARQ process. Two UL HARQ retransmission states are defined in NTN: HARQ state A and HARQ state B (FFS whether "HARQ state A" and "HARQ state B" should be renamed)

2. HARQ state A/B are defined as follows:                                                                                       
-
HARQ state A: length of drx-HARQ-RTT-TimerUL is extended by UE-gNB RTT (i.e. UE PDCCH monitoring is optimized to support UL retransmission grant based on UL decoding result).                                                                                                               -
HARQ state B:  drx-HARQ-RTT-TimerUL is not started.                                                                                                                                     

3. Configuration of UL HARQ retransmission state is semi-static, signalled via RRC, and the decision and criteria to configure UL HARQ retransmission state is under network control.

4. For dynamic grants, each LCH can be optionally mapped to an UL HARQ retransmission state via semi-static RRC configuration. If there is no configuration, the mapping has no effect (legacy behaviour applies).

5. If HARQ process has not been configured with an UL HARQ retransmission state, new LCH mapping rule has no effect (i.e. UE applies legacy behaviour).

6. The following behaviours are supported for drx-HARQ-RTT-TimerUL in NTN per HARQ process: 1) Timer length is extended by offset; 2) Timer disabled (i.e. not started)

7. UE determines drx-HARQ-RTT-TimerUL behaviour per HARQ process based on configured UL HARQ retransmission state.

8. For HARQ process(es) not configured with an UL HARQ retransmission state, drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL behave as per legacy.

9. An UL HARQ retransmission state is configured per HARQ process to support new LCH mapping restriction and proper configuration of drx-HARQ-RTT-TimerUL behaviour.

10. The network may consider delay and reliability characteristics of ongoing services when choosing to configure an UL HARQ retransmission state.

11. Alternative naming for HARQ state A/B can be further considered during stage 3, however UE behaviour in each state should be defined in specification.

12. RAN2 understanding is that UE behaviour in HARQ state A (i.e. extending the drx-HARQ-RTT-TimerUL by UE-gNB RTT) best supports reception of UL retransmission grant based on UL decoding result. (No RAN2 specification impact)

13. RAN2 understanding is that UE behaviour in HARQ state B (i.e. not starting drx-HARQ-RTT-TimerUL) best supports no UL retransmission and/or blind UL retransmission. (No RAN2 specification impact)

Following agreements regarding SPS/Configured grant were made in RAN2#115e meeting.

Agreements:

1. configuredGrantTimer can be extended in NTN. FFS details of when extension is applicable and method of extention.

2. The ConfiguredGrantConfiguration shall allow for up to 32 in nrofHARQ-Processes, and up to 31 in harq-ProcID-Offset and harq-ProcID-Offset2.

3. The SPS-Config shall allow up to 32 for nrofHARQ-Processes, and up to 31 in harq-ProcID-Offset.

4. HARQ feedback shall always be sent for SPS deactivation (i.e. regardless of HARQ feedback enabled/disabled).

In this contribution, we discuss the remaining aspects on using HARQ process for SPS and configured grant.
2. Discussion 

2.1 DL Semi-Persistent Scheduling (SPS)
Semi-Persistent Scheduling (SPS) is configured by RRC for a Serving Cell per BWP. RRC configures the following parameters when the SPS is configured:

-
cs-RNTI: CS-RNTI for activation, deactivation, and retransmission;

-
nrofHARQ-Processes: the number of configured HARQ processes for SPS;

-
harq-ProcID-Offset: Offset of HARQ process for SPS;

-
periodicity: periodicity of configured downlink assignment for SPS.

After a downlink assignment is configured for SPS and activated by PDCCH for the MAC entity's CS-RNTI, the MAC entity considers the Nth downlink assignment occurs sequentially. Network can also deactivate the SPS by PDCCH for the MAC entity's CS-RNTI.

If network wants to schedule the retransmission, it can do so by scheduling a PDCCH for the MAC entity's CS-RNTI. In this case, it can choose a correct HARQ process ID, i.e., the correct DL SPS occation as the HARQ Process ID associated with the slot where the DL transmission starts is derived from the following equation:

HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame] and numberOfSlotsPerFrame refers to the number of consecutive slots per frame as specified in TS 38.211
However, the difference in NTN is the long UE to gNB RTT that impacts the HARQ RTT timer and eventually when the network can schedule a retransmission based on the decoding result, i.e., based HARQ feedback from the UE. Also, the HARQ feedback can be disabled. Therefore, there are following two options to handle the HARQ retransmission for DL SPS.

Option#1: follow the HARQ process mechanism specified for the dynamic DL grant
In this case, whether UE should send HARQ feedback for the DL PDSCH reception in SPS occasion is determined by the HARQ behaviour configured by RRC for the dynamic DL grant.

This means the UE will transmit HARQ feedback for a logical channel data that is received in SPS occasion X but will NOT transmit HARQ feedback for the same logical channel data that is received in the SPS occasion Y, where:

· SPS occasion X belongs to HARQ process ID with HARQ feedback enabled 

· SPS occasion Y belongs to HARQ process ID with HARQ feedback disabled.

This is certainly not the expected behaviour for a logical channel data. The network would have to make sure this won’t happen, i.e., for a given logical channel data that requires HARQ reliability, network will skip transmitting PDSCH in the SPS occasions Y. This incurs additional delay to data.
Option#2: define the HARQ process per SPS configuration

The option#1 would mean network would have to take care of HARQ processes belonging to each SPS occasion whether to send PDSCH for the given logical channel.

However, the other simple solution is that the HARQ process behaviour is configured per SPS configuration, i.e., for the SPS occasions belonging to a DL SPS configuration, all the HARQ processes are considered either HARQ feedback disabled or enabled.

For a logical channel traffic for which HARQ feedback may not be needed, a SPS configuration can be configured with disabled HARQ feedback. For example, for DL voice traffic, the network will use such SPS configuration to send PDSCH with voice packet in any SPS occasion without delay. Similarly, network can configure another SPS configuration (one of multiple SPS configurations) with HARQ feedback enabled. For example, network can use such SPS configuration to send PDSCH for DL high reliable user data without delay in every SPS occasion.
In our view, both option#1 and option#2 would work but it would be cleaner to configure HARQ process per SPS configuration (i.e., option#2) as network can configure UE with multiple SPS configurations with different HARQ behaviour. It will also help network avoid delay that is caused by the skip of a SPS occasion with different HARQ behaviour.

Also, the simple way to disable the HARQ feedback is that nrofHARQ-Processes is set to 1. This results in HARQ process ID = 0 for any occasions for this SPS configuration, i.e., network implementation can make sure the DL HARQ feedback enable/disable is configured per SPS configuration by configuring HARQ process ID 0 as HARQ feedback disabled HARQ process.
Observation 1. For NTN, the network can properly configure UE such that DL HARQ feedback enable/disable is configured per SPS configuration.

Proposal 1 Capture in the specification that the UE is expected to have same DL HARQ feedback state per SPS configuration.

2.2 Configured grant

Unlike the DL HARQ process, the UL HARQ process in NTN is associated with a logical channel configuration. It is already agreed that for the dynamic grants, the network may optionally configure an UL HARQ retransmission state (HARQ state A and HARQ state B) per HARQ process. Each logical channel can be optionally mapped to an UL HARQ retransmission state via semi-static RRC configuration.
Unlike SPS, the use of configured grant in NTN not only depends on whether logical channel is allowed/not allowed but also on whether the HARQ retransmission state for the given UL configured grant occasion belongs to “A” or “B”.

Similar to SPS, the configured grant type 2 is activated and deactivated by the PDCCH for the MAC entity's CS-RNTI. After configured grant type is configured and configured grant type 2 is activated, the Nth uplink grant occurs sequentially. The retransmission of the TB transmitted in the configured grant occasion can be scheduled by PDCCH for the MAC entity's CS-RNTI with NDI = 1. 
And similar to DL SPS, the HARQ process ID is associated with the first symbol of a UL transmission is derived from the following equation:

HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211.
Therefore, same options as described for DL SPS are applicable for configured grant to handle the UL HARQ retransmission.
Option#1: follow the HARQ process mechanism specified for the dynamic UL grant
Option#2: define the HARQ process per configured grant configuration

However, there is a difference in handling HARQ retransmission in configured grant compared to DL SPS. As shown in figure 1, whether HARQ retransmission for the HARQ processes associated with the configured grant is scheduled can be decided by the use of configuredGrantTimer. If this retransmission is based on the decoding results, then this can be scheduled only after UE to gNB RTT duration. This means the configuredGrantTimer should be as long as UE-gNB RTT long because UE may perform a new transmission in the same HARQ process of the configured grant after expiry of configuredGrantTimer.
If the configuredGrantTimer is not configured (or is configured to be smaller than UE-gNB RTT) for the configured grant and periodicity is less than UE-gNB-RTT, then there is no sufficient time for the network to schedule retransmission based on the decoding results. This means, the UE will have to perform a new transmission for the UL HARQ process before it can know the result of the previous transmission the same UL HARQ process.
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Figure 1 Shown configured grant occasions (A) with HARQ retransmission enabled and (B) with HARQ retransmission disabled.
Therefore, a simple solution, same as proposed for the DL SPS is that the HARQ retransmission state is configured per configured grant configuration. For the cofigured grant for which the configuredGrantTimer is NOT configured, the HARQ retransmission state is considered to be “state B” (i.e., drx-HARQ-RTT-TimerUL is not started). For example, for voice traffic (which does not require retransmission), configuredGrantTimer and drx-HARQ-RTT-TimerUL do not need to be started and a new voice packet can be sent in the configured UP grant occasion without delay (as shown in the figure 1-B) at the configured regular interval.
For the configured grant for which the configuredGrantTimer is configured, the HARQ retransmission state is considered to be “state A” (i.e., drx-HARQ-RTT-TimerUL is started). In this case, the value of needs to be configured sufficiently long. For example, for 15KHz subcarrier spacing, maximum value of configuredGrantTimer is 40.96 seconds (= 64* periodicity = 64* sym640x14 =64*640ms).
Observation 2. For NTN, HARQ retransmission state for a configured grant can be associated with configuredGrantTimer (i.e., configuredGrantTimer configured = UL HARQ state A and configuredGrantTimer NOT configured = UL HARQ state B).
However, as described for SPS, it is possible that network provides a proper CG configuration such that the resulting HARQ process belongs to always the same HARQ state using nrofHARQ-Processes and harq-ProcID-Offset-r16. For example, the network can configure HARQ process ID 11, 12, and 13 belong to HARQ state A. Then network can provide CG configuration with nrofHARQ-Processes = 3 and harq-ProcID-Offset-r16 = 10. This results in the HARQ processes for the configured grant belonging to the same HARQ state A.
Proposal 2 Capture in the specification that the UE is expected to have same HARQ state per CG configuration.

2.3 HARQ stall in configured grant/SPS
It is possible that HARQ process may be stalled for this configured grant. For example, in figure 1-A, all the HARQ processes associated with the configured grant occasion belongs to HARQ retransmission enabled case. The UE may not be able to use configured grant occasions indicated by “red” boxes. One option is to support the autonomous retransmission for more HARQ reliability and utilize those occasions (instead of wasting).
However, the feature called “autonomous UL transmission” was introduced for NR-U and it can be supported by the use of cg-RetransmissionTimer. If cg-RetransmissionTimer is configured

(1)
HARQ process can be shared among multiple CGs (a new CG-UCI to indicate chosen HARQ process, NDI bit).

(2)
During this timer, UE expects a downlink feedback information from gNB. If acknowledgement is not received and this timer expires for a HARQ process, autonomous retransmission takes place (i.e., implicit NACK) in the configured grant occasion associated with the same HARQ process given configuredGrantTimer is running. 

Therefore, supporting cg-RetransmissionTimer is additional complexity (i.e., support of HARQ process sharing and downlink feedback information from network) for NR UEs (as this is NR-U feature). The support of cg-RetransmissionTimer in NTN to improve HARQ reliability is not clear because:

· Retransmission can be disabled by not configuring configuredGrantTimer.

· Existing mechanism for repetitions can be used.

·  If retransmission is enabled, configuredGrantTimer can be configured.

· But to minimize wastage of configured grant resource when HARQ is stalled due to large UE-gNB-RTT, proper configuration of number of HARQ processes and periodicity can be done (i.e., periodicity X number of HARQ processes >= UE-gNB-RTT).

· nrofHARQ-Processes can be extended to 32 (same as dynamic grant).

Therefore, it is agreed that the nrofHARQ-Processes is extended to 32. The network may configure multiple configured grants or a configured grant with sufficiently larger periodicity and number of HARQ process (i.e., periodicity X number of HARQ processes >= UE-gNB-RTT). Network may also configure RepK or pdsch-AggregationFactor for repetition.
And same argument is also applicable to minimize HARQ stall for the case of DL SPS.

Proposal 3 cg-RetransmissionTimer is not used for configured grant in Rel-17 NTN.

2.4 Extension of configured grant timer

The range of configuredGrantTimer is sufficiently long to cover the long UE to gNB RTT.

periodicity                         ENUMERATED {

                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,

                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,

                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,

                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,

                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,

                                                sym1280x12, sym2560x12

    },

    configuredGrantTimer                INTEGER (1..64)                                                         
For example, for SCS of 15kHz, the minimum value of configuredGrantTimer is 2 symbol and maximum value of 40.96 seconds.

Since the value of the configuredGrantTimer depends on the periodicity and for smaller value of periodicity the length of configuredGrantTimer may not be sufficient to cover the UE-gNB-RTT. For example, if there is any periodic UL traffic (e.g., voice traffic) generated every 5ms, then with periodicity of 5ms (i.e., periodicity = sym5x14 for SCS of 15kHz), the maximum length of configuredGrantTimer that can be configured is 320ms (5*64). This may not be sufficient to cover the RTT > 500ms in GEO case. Therefore, for UL traffic requiring smaller periodicity of configured grant, the value range of may need to be extended, i.e., introducing value of configuredGrantTimer larger than 64.

However, the other option is that the value of the configuredGrantTimer is extended by UE-gNB-RTT similar to how the drx-HARQ-RTT-TimerUL is extended. This is also useful in case blind retransmission is supported, i.e., retransmission without decoding result is expected, in which case, the timer is configured but is not extended by UE-gNB-RTT. However, for simplicity, we propose to extend the range of values that can be configured for the configuredGrantTimer.
Proposal 4 Define new values larger than 64 to extend the configuredGrantTimer.

3. Conclusion

Following observations and proposals are made.
Observation 1.
For NTN, the network can properly configure UE such that DL HARQ feedback enable/disable is configured per SPS configuration.
Proposal 1
Capture in the specification that the UE is expected to have same DL HARQ feedback state per SPS configuration.
Observation 2.
For NTN, HARQ retransmission state for a configured grant can be associated with configuredGrantTimer (i.e., configuredGrantTimer configured = UL HARQ state A and configuredGrantTimer NOT configured = UL HARQ state B).
Proposal 2
Capture in the specification that the UE is expected to have same HARQ state per CG configuration.
Proposal 3
cg-RetransmissionTimer is not used for configured grant in Rel-17 NTN.
Proposal 4
Define new values larger than 64 to extend the configuredGrantTimer.
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