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1 Introduction

In the last RAN2 meeting, UL HARQ in NTN was discussed, and the following HARQ-related agreements were made [1].
Agreements:

1. Confirm the RAN2 working assumption that offset to drx-HARQ-RTT-TimerUL length is equal to UE-gNB RTT (i.e. sum on UE's TA and K_mac).

2. Confirm the RAN2 working assumption that for HARQ processes with DL HARQ feedback enabled, the drx-HARQ-RTT-TimerDL length is increased by an offset equal to UE-gNB RTT (i.e. sum on UE's TA and K_mac).

3. No new LCP restrictions are introduced for exisiting UL MAC CEs (if new MAC CEs will be introduced we can revisit this)

4. For dynamic grants, each LCH can optionally be semi statically configured (by RRC) to be mapped to one or more HARQ processes (FFS if it's possible to map to more than one HARQ process/ process type. FFS on mapping method). If there is no RRC configuration for this, this mapping has no effect (legacy behaviour applies).

Agreements via email - from offline 101:

1a.
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)

1b.
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. 

2.
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.

3.
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).

4.
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).

5.
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)

6.
UE determines drx-HARQ-RTT-TimerUL behaviour per HARQ process based on configured UL HARQ retransmission state.

7.
For HARQ process(es) not configured with an UL HARQ retransmission state, drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL behave as per legacy.

Agreements via email - from offline 101 second round:

1. 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.

2.
The network may consider delay and reliability characteristics of ongoing services when choosing to configure an UL HARQ retransmission state.

3.
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.

4.
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)

5.
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)

Agreements online:

1. For HARQ state B, FFS to run drx-RetransmissionTimerUL for blind UL retransmission

2. UE configured with an UL HARQ retransmission state (i.e. A or B) will always act as indicated in a grant/assignment provided during a valid occasion (i.e. subject to legacy restrictions in e.g. MAC and RAN1 specifications). (No RAN2 specification impact)

In this contribution, we further discuss issues on DL/UL HARQ in NTN, including LCP restrictions.
2 Discussion

2.1 Discussion on the drx-RetransmissionTimerDL/UL for DL HARQ feedback disabled and UL HARQ state B
In RAN2#113-e, RAN2#114-e and RAN2#115-e meetings, the following agreements have been made for DL/UL HARQ in NTN.
RAN2#113-e agreements:

1. For HARQ processes with DL HARQ feedback disabled, drx-HARQ-RTT-TimerDL is not started.

2. FFS: method(s) to support blind retransmission for HARQ processes with HARQ feedback disabled.

3. For HARQ processes with DL HARQ feedback enabled, drx-HARQ-RTT-TimerDL length is increased by offset (i.e. existing values within value range increased by offset). RAN2 working assumption: offset is equal to UE-gNB RTT (if RAN1 decides something that requires to change this we can revisit it)

RAN2#114-e agreements:

1. drx-RetransmissionTimerDL timer length is not extended in NTN

RAN2#115-e agreements:

1a.
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)

1b.
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. 

2.
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)

3.
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)

4.
For HARQ state B, FFS to run drx-RetransmissionTimerUL for blind UL retransmission
As stated in the above agreements, for DL HARQ process with feedback disabled and UL HARQ process with HARQ state B, drx-HARQ-RTT-TimerDL/UL is not started, while it is FFS whether to run drx-RetransmissionTimerDL/UL to support blind retransmission.. 
In offline discussion, some companies hold the position that, for both DL HARQ feedback disabled and UL HARQ state B, after PDSCH/PUSCH transmission, drx-RetransmissionTimerDL/UL is not to run, since its trigger condition is related to the end of drx-HARQ-RTT-TimerDL/UL in legacy while it is not started. In this case, UE doesn’t monitor PDCCH for blind transmission after PDSCH/PUSCH transmission, except during the Active Time due to the other reasons, e.g., drx-InactivityTimer, the drx-RetransmissionTimerDL/UL of other HARQ processes. If relying on the Active Time due to other HARQ processes, opportunities of blind retransmission would be not stable. Some companies also stated that a proper configuration for drx-InactivityTimer can support the blind retransmission. However, in our understanding, if relying on drx-InactivityTimer, the length of drx-InactivityTimer needs to be configured longer.  This would lead to unnecessary power consumption and be not flexible on configuration since the same drx-InactivityTimer is also used for those DL HARQ feedback enabled processes and those UL HARQ processes configured with state A. 
Observation 1 For both DL HARQ feedback disabled and UL HARQ state B, relying on the Active Time due to the other HARQ processes for blind retransmission would be not stable.
Observation 2 For both DL HARQ feedback disabled and UL HARQ state B, relying on drx-InactivityTimer for blind retransmission would require larger timer value and lead to unnecessary power consumption for those DL HARQ processes with HARQ feedback enabled and UL HARQ processes configured with state B.
To mitigate the impact to those DL HARQ processes with HARQ feedback enabled and UL HARQ processes configured with state B, we propose to run drx-RetransmissionTimerDL/UL to support blind retransmission for both DL HARQ feedback disabled and UL HARQ state B. From UE’s point of view, after the UE finishes the PDSCH reception or PUSCH transmission for the HARQ process, the UE should be ready to receive another PDCCH indicating retransmission or new transmisson for the same HARQ process. Therefore, UE should directly start drx-RetransmissionTimerDL/UL for the corresponding HARQ process after PDSCH reception or PUSCH transmission. A moderate spec change is needed, i.e., to define a new start condition for drx-RetransmissionTimerDL/UL.
Proposal 1 For DL HARQ process with feedback disabled, UE starts drx-RetransmissionTimerDL for the corresponding HARQ process after PDSCH reception.
Proposal 2 For UL HARQ process with HARQ state B, UE starts drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission.
2.2 Clarification on drx-HARQ-RTT-TimerDL/UL behaviour for DL HARQ feedback enabled and UL HARQ state A

In legacy DRX, for UL, if UE transmits a MAC PDU in a configured uplink grant or if UE receives the PDCCH indicates a UL transmission, the UE stops the drx-RetransmissionTimerUL for the corresponding HARQ process, and starts the drx-HARQ-RTT-TimerUL for the corresponding HARQ process after the PUSCH transmission. UE starts the drx-RetransmissionTimerUL for the corresponding HARQ process after the expiry of drx-HARQ-RTT-TimerUL.
The definition of drx-HARQ-RTT-TimerUL is given in MAC specification as below

-
drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity;

Based on above, we can see that a UE is not required to monitor retransmission grant for a UL HARQ process during drx-HARQ-RTT-TimerUL for the corresponding HARQ process. Some companies state that if the UE is in DRX active time during drx-HARQ-RTT-TimerUL for a HARQ process (e.g. due to the running of drx-InactivityTimer, or drx-RetransmissionTimerUL for other HARQ processes), so network could still schedule the UL retransmission for the HARQ process during drx-HARQ-RTT-TimerUL for the corresponding HARQ process. 
However, we think that the current spec text might need to be clarified clearly. The current spec text is copied as below.

------------------------------------------------------------------------------------------------------------------------------------------------

2>
if the PDCCH indicates a UL transmission:

3>
start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission;

3>
stop the drx-RetransmissionTimerUL for the corresponding HARQ process.

------------------------------------------------------------------------------------------------------------------------------------------------
In our understanding, we need to clarify, during drx-HARQ-RTT-TimerUL for the corresponding HARQ process, if the PDCCH indicates a UL transmission for this HARQ process, how to understand “start the drx-HARQ-RTT-TimerUL”. 
Here is a Note in clause 3.1 Definitions of 38.321.

------------------------------------------------------------------------------------------------------------------------------------------------

NOTE:
A timer is running once it is started, until it is stopped or until it expires; otherwise it is not running. A timer can be started if it is not running or restarted if it is running. A Timer is always started or restarted from its initial value. The duration of a timer is not updated until it is stopped or expires (e.g. due to BWP switching). When the MAC entity applies zero value for a timer, the timer shall be started and immediately expire unless explicitly stated otherwise.
------------------------------------------------------------------------------------------------------------------------------------------------
As stated above, a timer can be started if it is not running or restarted if it is running. “start” and “restart” have different meaning in 38.321. The current spec text above doesn’t consider the case that drx-HARQ-RTT-TimerUL for the corresponding HARQ process has already been running. Hence, if drx-HARQ-RTT-TimerUL has already been running, UE does not perform any operations. However, we think that this may require some spec change, e.g. upon reception of a PDCCH indicating a UL transmission, the UE behaviour should be to “stop the drx-HARQ-RTT-TimerUL (if running) for the corresponding HARQ process”, otherwise the expiry of the running drx-HARQ-RTT-TimerUL timer will trigger the start of the drx-RetransmissionTimerUL, which would make UE monitor PDCCH unnecessarily earlier and may miss the right opportunities for PDCCH reception since timer drx-RetransmissionTimerUL would expire earlier than wanted. 

Observation 3 The current spec on UE DRX behaviour when PDCCH indicates a UL transmission doesn’t consider the case where drx-HARQ-RTT-TimerUL for the corresponding HARQ process has already been running.
Proposal 3 If PDCCH indicates a UL transmission for a HARQ process when drx-HARQ-RTT-TimerUL for the corresponding HARQ process is running, UE should stop the drx-HARQ-RTT-TimerUL for the corresponding HARQ process.
Similar to UL transmission, UE DRX behaviour for DL transmission has the same problem.
Observation 4 The current spec on UE DRX behaviour when PDCCH indicates a DL transmission doesn’t consider the case where drx-HARQ-RTT-TimerDL for the corresponding HARQ process has already running.
Proposal 4 If PDCCH indicates a DL transmission for a HARQ process when drx-HARQ-RTT-TimerDL for the corresponding HARQ process is running, UE should stop the drx-HARQ-RTT-TimerDL for the corresponding HARQ process.
2.3 Discussion on the configuration for DL/UL HARQ state
In RAN2#115-e meeting, the following agreements have been made.
RAN2#115e Agreements via email - from offline 101:

4.
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).

7.
For HARQ process(es) not configured with an UL HARQ retransmission state, drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL behave as per legacy.

For UL HARQ state, RAN2 has agreed that if it is not configured, UE applies legacy behaviour. However, similar agreements were not made for DL HARQ process. We think RAN2 should clearly confirm as this might have stage-3 impact.
Proposal 5 For DL HARQ process(es) not configured with any HARQ feedback enabled/disabled, drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL behave as per legacy.
In the 38.321 running CR for NTN, as shown as below, it is captured in spec that for DL HARQ, if the MAC entity is not configured with downlinkHARQ-FeedbackDisabled, increase drx-HARQ-RTT-TimerDL length by UE-gNB RTT, i.e., the corresponding HARQ process is HARQ feedback-enabled if downlinkHARQ-FeedbackDisabled is not confirgured.
------------------------------------------------------------------------------------------------------------------------------------------------

1>
if a DRX group is in Active Time:

2>
monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];

2>
if the PDCCH indicates a DL transmission:
3>
if DL transmission is from a non-terrestrial network:  

4> if the MAC entity is not configured with downlinkHARQ-FeedbackDisabled; or

4> if the MAC entity is configured with downlinkHARQ-FeedbackDisabled and DL HARQ feedback is enabled for the corresponding HARQ process:

5> increase drx-HARQ-RTT-TimerDL length by UE-gNB RTT.
3>
start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;

3>
stop the drx-RetransmissionTimerDL for the corresponding HARQ process.

------------------------------------------------------------------------------------------------------------------------------------------------
If legacy behaviour is confirmed to be supported as a DL HARQ state in NTN, the spec text needs to be further updated. It needs to be clarified whether to regard this case the same as DL HARQ feedback being enabled, or this should be considered as legacy behavior (i.e. UE starts drx-HARQ-RTT-TimerDL without extending the time length).
In the 38.331 running CR for NTN, as shown as below, fields downlinkHARQ-FeedbackDisabled and uplinkHARQ-DRX-LCP-Mode-r17 are added in the IE MAC-CellGroupConfig.                        
------------------------------------------------------------------------------------------------------------------------------------------------
MAC-CellGroupConfig ::=             SEQUENCE {

    drx-Config                          SetupRelease { DRX-Config }                                     OPTIONAL,   -- Need M

    schedulingRequestConfig             SchedulingRequestConfig                                         OPTIONAL,   -- Need M

    bsr-Config                          BSR-Config                                                      OPTIONAL,   -- Need M

    tag-Config                          TAG-Config                                                      OPTIONAL,   -- Need M

    phr-Config                          SetupRelease { PHR-Config }                                     OPTIONAL,   -- Need M

    skipUplinkTxDynamic                 BOOLEAN,

    ...,

    [[

    csi-Mask                            BOOLEAN                                                         OPTIONAL,   -- Need M

    dataInactivityTimer                 SetupRelease { DataInactivityTimer }                            OPTIONAL    -- Cond MCG-Only

    ]],

    [[

    usePreBSR-r16                       ENUMERATED {true}                                               OPTIONAL,   -- Need R

    schedulingRequestID-LBT-SCell-r16   SchedulingRequestId                                             OPTIONAL,   -- Need R

    lch-BasedPrioritization-r16         ENUMERATED {enabled}                                            OPTIONAL,   -- Need R

    schedulingRequestID-BFR-SCell-r16   SchedulingRequestId                                             OPTIONAL,   -- Need R

    drx-ConfigSecondaryGroup-r16        SetupRelease { DRX-ConfigSecondaryGroup }                       OPTIONAL    -- Need M

    ]],

    [[

    enhancedSkipUplinkTxDynamic-r16     ENUMERATED {true}                                               OPTIONAL,   -- Need R

    enhancedSkipUplinkTxConfigured-r16  ENUMERATED {true}                                               OPTIONAL    -- Need R

    ]],

    [[

        downlinkHARQ-FeedbackDisabled-r17                    BIT STRING (SIZE (32))             OPTIONAL,  Need R

        uplinkHARQ-DRX-LCP-Mode-r17                          BIT STRING (SIZE (32))             OPTIONAL  Need R
   ]]

-- Editor’s note: FFS on placement inlcuding flexibility of cell vs cellgroup and naming of these parameters. 

}

------------------------------------------------------------------------------------------------------------------------------------------------

In our understanding, for better forward compatibility, e.g. when considering NTN CA in Rel-18, it is better to place these two fields under PDSCH-ServingCellconfig and PUSCH-ServingCellConfig, since different serving cells don’t have to have the same configurations, for better flexibility.
Proposal 6 For better forward compatibility, put downlinkHARQ-FeedbackDisabled and uplinkHARQ-DRX-LCP-Mode-r17 fields under PDSCH-ServingCellconfig and PUSCH-ServingCellConfig, respectively.
Besides, we notice that in the current RRC running CR, fields downlinkHARQ-FeedbackDisabled and uplinkHARQ-DRX-LCP-Mode-r17 use a 32-bit bitmap type with optional presence. This may have some issues for both UL and DL HARQ. Taking UL HARQ as an example, if uplinkHARQ-DRX-LCP-Mode-r17 field is absent, all of UL HARQ process would be legacy; while if uplinkHARQ-DRX-LCP-Mode-r17 field is present, each bit of the 32-bit bitmap would be either 1 or 0, which means that all of UL HARQ processes would be either state A or B. With existing type, network cannot configure some UL HARQ process as state A, some as state B and some others as legacy behaviour at the same time. This seems to be an unnecessary restriction for network’s configuration.
Observation 5 Using 32-bit bitmap fields with optional presence for UL/DL HARQ state would restrict network’s configuration on all HARQ processes as either legacy or state A/B (enabled/disabled).
Proposal 7 RAN2 considers using the structure of SEQUENCE of ENUMERATED {stateA, stateB, legacy} for UL HARQ state.
Proposal 8 If legacy behaviour is confirmed to be supported as a DL HARQ state, RAN2 considers using the structure of SEQUENCE of ENUMERATED {enabled, disabled, legacy} for DL HARQ state.
2.4 Discussion on new LCP restriction for UL HARQ state A and B
In NR, if UE receives a UL grant indicating new transmission, UE will perform LCP for all the UL logical channels that have data available for transmission according to the configured priority for each UL logical channel. 
Regarding the new LCP restriction configured for each LCH, when UE has a UL grant for new transmission using a HARQ process with HARQ state A or B, the following two options can be considered.

· Option (a): For a UL grant for new transmission using a HARQ process with HARQ state A or B, allowing data from all LCHs to be mapped to the grant according to an adjusted priority. e.g. for the HARQ process with HARQ state B, those LCHs that are sensitive to delay will have higher priority to be mapped to the grant. For the HARQ process with HARQ state A, the LCHs requiring high reliability will have higher priority to be mapped to the grant.

· Option (b): For a UL grant for new transmission using a HARQ process with HARQ state A or B, only allowing data from a few LCHs to be mapped to the grant. e.g. for the HARQ with HARQ state B, only those LCHs that are sensitive to delay are allowed to map to the grant. For the HARQ process with HARQ state A, only LCHs requiring high reliability are allowed to be mapped to the grant.
Option (b) is kind of one-to-one mapping between logical channels and two kinds of HARQ process. In our understanding, Option (b) is simpler for UE implementation compared with Option (a), hence we propose to go for Option (b).
Proposal 9 If the new LCP restriction, e.g. HARQ state A or B, is configured for a logical channel,  data from this logical channel can only be mapped to the HARQ processes with the same HARQ state as configured in the new LCP restriction. 
3 Conclusion

Based on the discussion above, we made the following observations:

Observation 1 For both DL HARQ feedback disabled and UL HARQ state B, relying on the Active Time due to the other HARQ processes for blind retransmission would be not stable.
Observation 2 For both DL HARQ feedback disabled and UL HARQ state B, relying on drx-InactivityTimer for blind retransmission would require larger timer value and lead to unnecessary power consumption for those DL HARQ processes with HARQ feedback enabled and UL HARQ processes configured with state B.
Observation 3 The current spec on UE DRX behaviour when PDCCH indicates a UL transmission doesn’t consider the case where drx-HARQ-RTT-TimerUL for the corresponding HARQ process has already been running.
Observation 4 The current spec on UE DRX behaviour when PDCCH indicates a DL transmission doesn’t consider the case where drx-HARQ-RTT-TimerDL for the corresponding HARQ process has already running.
Observation 5 Using 32-bit bitmap fields with optional presence for UL/DL HARQ state would restrict network’s configuration on all HARQ processes as either legacy or state A/B (enabled/disabled).
And propose the following:
Proposal 10 For DL HARQ process with feedback disabled, UE starts drx-RetransmissionTimerDL for the corresponding HARQ process after PDSCH reception.
Proposal 11 For UL HARQ process with HARQ state B, UE starts drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission.
Proposal 12 If PDCCH indicates a UL transmission for a HARQ process when drx-HARQ-RTT-TimerUL for the corresponding HARQ process is running, UE should stop the drx-HARQ-RTT-TimerUL for the corresponding HARQ process.
Proposal 13 If PDCCH indicates a DL transmission for a HARQ process when drx-HARQ-RTT-TimerDL for the corresponding HARQ process is running, UE should stop the drx-HARQ-RTT-TimerDL for the corresponding HARQ process.
Proposal 14 For DL HARQ process(es) not configured with any HARQ feedback enabled/disabled, drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL behave as per legacy.
Proposal 15 For better forward compatibility, put downlinkHARQ-FeedbackDisabled and uplinkHARQ-DRX-LCP-Mode-r17 fields under PDSCH-ServingCellconfig and PUSCH-ServingCellConfig, respectively.
Proposal 16 RAN2 considers using the structure of SEQUENCE of ENUMERATED {stateA, stateB, legacy} for UL HARQ state.
Proposal 17 If legacy behaviour is confirmed to be supported as a DL HARQ state, RAN2 considers using the structure of SEQUENCE of ENUMERATED {enabled, disabled, legacy} for DL HARQ state.
Proposal 18 If the new LCP restriction, e.g. HARQ state A or B, is configured for a logical channel,  data from this logical channel can only be mapped to the HARQ processes with the same HARQ state as configured in the new LCP restriction. 
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