3GPP TSG-RAN WG2 Meeting #116bis electronic
R2-2200244
Online, 17th – 25th, January, 2022                             
Agenda Item:
8.10.2.2
Source:
OPPO
Title:
Remaining issues on other MAC aspects in NTN
Document for:
Discussion, Decision

1 Introduction

In the last RAN2 meeting, the following agreements related to other MAC aspects were made [1].
Agreements:

1. The extended values for sr-ProhibitTimer in NTN can include values less than UE-gNB RTT (as in legacy). FFS on the actual values and how this is extended 

2. RRC parameter “allowedHARQ-DRX-LCP” is included in LogicalChannelConfig (FFS on the actual name of the parameter)

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

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

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

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

Agreements via email - from offline 101:

1. For HARQ process(es) not configured with DL HARQ feedback enabled/disabled, drx-HARQ-RTT-TimerDL behaves as per legacy.

2. Introduce a new sr-ProhibitTimerExt-r17 IE. Values FFS 

3. If uplinkHARQ-DRX-LCP-Mode-r17 is configured, a HARQ process may be mapped to either ‘HARQ mode A’ or ‘HARQ mode B’.

4. uplinkHARQ-DRX-Mode shall be included in PUSCH-ServingCellConfig.

Agreements via email - from offline 101 (second round):

1.
If uplinkHARQ-DRX-LCP-Mode-r17 is configured, the following LCH to HARQ process mapping rules are supported: 


1) LCH is mapped only to a HARQ process configured with HARQ mode A;


2) LCH is mapped only to a HARQ process configured with HARQ mode B;


3) If an LCH is not configured with a mapping rule, it may be mapped to any HARQ process (HARQ mode A or B).
2.
downlinkHARQ-FeedbackDisabled shall be included in PDSCH-ServingCellConfig. 
In this contribution, we further discuss the remaining issues on other MAC aspects in NTN.
2 Discussion

2.1 Discussion on the drx-RetransmissionTimerDL/UL for DL HARQ feedback disabled and UL HARQ state B
In RAN2#113-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.

RAN2#115-e agreements:

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. 

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
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. 
As suggested by offline rapporteur in RAN2#116-e meeting, the following proposals were captured in Chairman notes as guidance for contributions to RAN2#116bis-e meeting:
- RAN2 to down-select between the following options to support blind retransmission for HARQ process(es) configured with HARQ state B: 
1) Rely on UE being in DRX Active Time via other means (e.g. Inactivity Timer); or 
2) Start drx-RetransmissionTimerUL at the end of PUSCH transmission;
- RAN2 to down-select between the following options to support blind retransmission for HARQ process(es) configured with disabled HARQ feedback: 
1) Rely on UE being in DRX Active Time via other means (e.g. Inactivity Timer); or 
2) Start drx-RetransmissionTimerDL in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH plus X (X = T_proc,1);
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 in legacy its trigger condition is related to the expiry of drx-HARQ-RTT-TimerDL/UL which is however not started in NTN now. In this case, UE may not be able to monitor PDCCH for blind retransmission after PDSCH reception/PUSCH transmission, except during the Active Time due to other reasons, e.g., drx-InactivityTimer, or the drx-RetransmissionTimerDL/UL of other HARQ processes. If relying on the Active Time due to other HARQ processes, opportunities of blind retransmission would not be guaranteed and thus not reliable. 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, drx-InactivityTimer needs to be configured longer, which limits NW implementation. This would also increase UE’s power consumption and not be flexible on configuration since the same drx-InactivityTimer is also used for those DL HARQ processes with HARQ feedback enabled 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 other HARQ processes for blind retransmission would be not reliable.
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, which increase UE’s power consumption and is not flexible on configuration since the same drx-InactivityTimer is also used for those DL HARQ processes with HARQ feedback enabled and UL HARQ processes configured with state A.
To mitigate these negative impacts, 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, for UL HARQ state B, after the UE finishes the PUSCH transmission, 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-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission. 
Similarly, for DL HARQ feedback disabled, after the UE finishes the PDSCH reception for the HARQ process, the UE should also be ready to receive another PDCCH indicating retransmission or new transmisson for the same HARQ process. Of course, L1 processing time should be taken into account here. Considering the RAN1 agreements in RAN1#104e and RAN1#105e as shown below, for a DL HARQ process with disabled HARQ feedback, UE is not expected to receive the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH for the given HARQ process until X (X = T_proc,1) after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process. It is reasonable to start drx-RetransmissionTimerDL with the delay X (X = T_proc,1). Therefore, UE should start drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH plus X (X = T_proc,1).

RAN1 #104e agreement:

For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until X after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.

· Working assumption: X = T_proc,1

· FFS: Whether X should be changed to X = max(T_proc,1, K1) where K1 is the minimum k1 if it is configured, otherwise k1 = 0

· Note: The TB of the two PDSCHs can be either same or different

RAN1 #105e agreement:

Confirm the previous working assumption for  X = T_proc,1 where X is defined from the end of the reception of the last PDSCH or slot-aggregated PDSCH for a given HARQ process with disabled feedback to the start of the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH for the given HARQ process.

A moderate spec change would be needed, i.e., to define a new start condition for drx-RetransmissionTimerDL/UL.
Proposal 1 For UL HARQ process with HARQ state B, UE starts drx-RetransmissionTimerUL for the corresponding HARQ process at the end of PUSCH transmission.
Proposal 2 For DL HARQ process with feedback disabled, UE starts drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH plus X (X = T_proc,1).
2.2 Clarification on drx-HARQ-RTT-TimerDL/UL behaviour for DL HARQ feedback enabled and UL HARQ state A

In legacy DRX procedure, 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 clause 5.7 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), 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 MAC spec text in clause 5.7 might need to be clarified more 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’s 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 PUSCH transmission scheduled by RAR
For the PUSCH transmission scheduled by the UL grant in RAR, the issue on whether UE ignores the  configured HARQ mode was discussed in the offline discussion of the last meeting, but is still FFS.
Some companies proposed that, if a PUSCH transmission is scheduled by UL grant in RAR, NW cannot be flexible to choose HARQ retransmission state since the fixed HARQ ID 0 is used for PUSCH transmission scheduled by the UL grant in RAR, therefore the configured LCH restriction may prevent UE from using such allocated PUSCH resources or DRX behaviour is not suitable for the data transmitted on the PUSCH.
In our understanding, PDCCH monitoring behaviour during RA procedure is perfectly controlled by RAR window and the running of ra-ContentionResolutionTimer, and DRX timer running or not has no extra contribution to the PDCCH monitoring during RACH. Therefore, we don’t need to care how DRX timers are handled during RACH procedure.

However, LCP restriction may have some impact on Msg3 transmission, e.g. UE might create different MAC PDU for Msg3 transmission depending on whether HARQ ID 0 is configured with state A or state B. In our understanding, normally Msg3 has limited UL grant and is not intended to carry user data (except for SDT, which is not supported for NTN so far) due to its coverage issue. Even if MAC CE can be placed in Msg3, it will not be subject to any NTN-specific LCP restrictions. In any case, connected UE can use other HARQ processes than ID 0 that can be configured with other HARQ state, to transmit its data according to the configured HARQ state. In summary, we see no big issue with UE applying LCP restriction.
Proposal 5 Which HARQ state A or B is configured to HARQ process #0 is up to network implementation, and from UE’s perspective, UE always behaves accorrding to the configured HARQ state and LCP restrictions. 
2.4 Discussion on the remaining issues of CG/SPS

In this section, we discuss the remaining issues of CG/SPS discussed in the last meeting.

How to extend configuredGrantTimer
configuradGrantTimer is used to help UE to know when the HARQ process configured with CG can use the CG to transmit new data again. In legacy, the value range of configuredGrantTimer is 1—64 with the unit periodicity of CG, where for smaller value of periodicity the length of configuredGrantTimer may not be sufficient to cover the UE-gNB RTT. Hence, the extending of configuredGrantTimer is needed. 

In RAN2#116-e meeting, the following agreements have been made for configuredGrantTimer in NTN.
RAN2#116-e agreements:

1.
configuredGrantTimer can be extended in NTN. FFS details of when extension is applicable and method of extension.
As suggested by offline rapporteur in RAN2#116-e meeting, the following proposals was captured in Chairman notes as guidance for contributions to RAN2#116bis-e meeting:

- RAN2 to down-select between the following options to extend configuredGrantTimer: 
1) Introducing value(s) of configuredGrantTimer larger than 64; 
2) Value of the configuredGrantTimer is extended by UE-gNB-RTT;
In our understanding, Option 2, i.e., value of the configuredGrantTimer is extended by UE-gNB RTT, is preferred since introducing value(s) of configuredGrantTimer larger than 64 would lead to unnecessary signalling overhead. Besides, since the unit of configuredGrantTimer is periodicity of CG, the length of configuredGrantTimer depends on not only the value of configuredGrantTimer but also the length of periodicity. It is also difficult to determine how many values to introduce to cover the UE-gNB RTT.
Observation 5 Introducing value(s) of configuredGrantTimer larger than 64 would lead to unnecessary signalling overhead, and it is also difficult to determine how many values to introduce to cover the UE-gNB RTT.
Proposal 6 Value of the configuredGrantTimer can be extended by UE-gNB RTT in NTN. 
LCP restriction to configured grant
In RAN2#115e meeting, as shown as below, we have agreed that the new LCP mapping restriction between HARQ process and LCH is applied for dynamic grant in NTN, but whether this new LCP mapping restriction also applies to configured grant is still FFS.

Agreements via email - from offline 101:

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).

In our understanding, a logical channel has its own data attribute on QoS requirement, therefore the HARQ state configured to a logical channel for both DG and CG should be the same. There is no potential use case to keep two different HARQ states between DG and CG. Hence, the new LCP mapping restriction, i.e. allowedHARQ-DRX-LCP, should also apply to CG. 
Furthermore, for a configured UL grant, in addition to allowedHARQ-DRX-LCP, no new CG-specific LCP restriction is needed, and the legacy restriction allowedCG-List could be reused if a CG configuration is mapped to HARQ process with the same UL HARQ state. The logical channels need to satisfy both conditions allowedHARQ-DRX-LCP and allowedCG-List. NW can provide with the proper configuration for these conditions.
Observation 6 There is no potential use case to keep two different HARQ states between DG and CG, since the QoS requirement of a LCH is same.
Proposal 7 The new LCP mapping restrictions introduced for dynamic grant, i.e. allowedHARQ-DRX-LCP, also apply to configured grant. 
The following text is captured in NTN running CR for 38.321.
5.4.3.1.2 Selection of logical channels

The MAC entity shall, when a new transmission is performed:

1>
select the logical channels for each UL grant that satisfy all the following conditions:

2>
the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and

2>
maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and

2>
configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and

2>
allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) when CA duplication is deactivated for this DRB in this MAC entity; and

2>
allowedCG-List, if configured, includes the configured grant index associated to the UL grant; and

2>
allowedPHY-PriorityIndex, if configured, includes the priority index (as specified in clause 9 of TS 38.213 [6]) associated to the dynamic UL grant; and
2> allowedHARQ-DRX-LCP, if configured, includes the HARQ DRX-LCP mode for the HARQ process associated to the dynamic UL grant. 
Editor’s note: Restriction “Does not apply if the HARQ process associated to dynamic UL grant is not configured with a DRX-LCP mode.” to be included in RRC field description
NOTE:
The Subcarrier Spacing index, PUSCH transmission duration, Cell information, and priority index are included in Uplink transmission information received from lower layers for the corresponding scheduled uplink transmission.
If Proposal 7 is agreed, the highlighted spec text above needs to be updated to “UL grant” so as to cover both dynamic and configured UL grant.
HARQ mode configuration for CG/SPS  
For CG and SPS, the HARQ process ID associated with the slot where the UL/DL transmission starts is fixed since it is derived by the equation with parameters of radio resource allocation in time domain. It might lead to an issue that for an CG/SPS configuration the HARQ processes have different UL/DL HARQ mode. In the last meeting, solutions for this issue were discussed while no consensus on this was achieved. 
In our understanding, to avoid this issue, we don’t need to introduce CG/SPS-specific HARQ mode configuration, i.e., the current UL/DL HARQ mode configured per HARQ process for dynamic scheduling also applies to CG/SPS, and it is up to NW implementation to ensure that all HARQ processes belonging to a CG/SPS configuration have the same UL/DL HARQ mode. In this way, no new additional signalling needs to be introduced, and there is no impact on spec.
Proposal 8 The current UL HARQ retransmission state (HARQ state A/B) configured per HARQ process for dynamic grant also applies to CG.
Proposal 9 The current DL HARQ feedback mode configured per HARQ process for dynamic scheduling also applies to SPS.
Proposal 10 It is up to network implementation to ensure that downlinkHARQ-FeedbackDisabled, if configured, has the same value for all HARQ processes belonging to an SPS configuration (i.e. no specification impact). 
Proposal 11 It is up to network implementation to ensure that uplinkHARQ-DRX-LCP-Mode-r17, if configured, has the same value for all HARQ processes belonging to a configured grant configuration (i.e. no specification impact). 
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 other HARQ processes for blind retransmission would be not reliable.
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, which increase UE’s power consumption and is not flexible on configuration since the same drx-InactivityTimer is also used for those DL HARQ processes with HARQ feedback enabled and UL HARQ processes configured with state A.
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 Introducing value(s) of configuredGrantTimer larger than 64 would lead to unnecessary signalling overhead, and it is also difficult to determine how many values to introduce to cover the UE-gNB RTT.
Observation 6 There is no potential use case to keep two different HARQ states between DG and CG, since the QoS requirement of a LCH is same.
And propose the following:
Proposal 12 For UL HARQ process with HARQ state B, UE starts drx-RetransmissionTimerUL for the corresponding HARQ process at the end of PUSCH transmission.
Proposal 13 For DL HARQ process with feedback disabled, UE starts drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH plus X (X = T_proc,1).
Proposal 14 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 15 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 16 Which HARQ state A or B is configured to HARQ process #0 is up to network implementation, and from UE’s perspective, UE always behaves accorrding to the configured HARQ state and LCP restrictions. 
Proposal 17 Value of the configuredGrantTimer can be extended by UE-gNB RTT in NTN. 
Proposal 18 The new LCP mapping restrictions introduced for dynamic grant, i.e. allowedHARQ-DRX-LCP, also apply to configured grant. 
Proposal 19 The current UL HARQ retransmission state (HARQ state A/B) configured per HARQ process for dynamic grant also applies to CG.
Proposal 20 The current DL HARQ feedback mode configured per HARQ process for dynamic scheduling also applies to SPS.
Proposal 21 It is up to network implementation to ensure that downlinkHARQ-FeedbackDisabled, if configured, has the same value for all HARQ processes belonging to an SPS configuration (i.e. no specification impact). 
Proposal 22 It is up to network implementation to ensure that uplinkHARQ-DRX-LCP-Mode-r17, if configured, has the same value for all HARQ processes belonging to a configured grant configuration (i.e. no specification impact). 
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