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1 Introduction
During RAN2 #114-e meeting, the following agreements were achieved for HARQ and LCP issues:
	· RAN2 Working Assumption: No new CG-specific LCP restriction is introduced for NTN. If a new LCP restriction is agreed for dynamic grant, the proposal does not preclude future discussion on whether it may also apply to configured grant

· Repetition transmission based HARQ retransmission is always allowed and is explicitly indicated per HARQ process via DCI (as in legacy).

· At least the following options for LCP in NTN are further studied: 1) allowedPHY-PriorityIndex is re-used; and 2) A new LCP restriction is introduced to map LCH to one or more HARQ process(es). FFS if HARQ processes can be classified as having retransmission “enabled” or “disabled” in this case.


During RAN2 #115-e meeting, the following agreements were achieved for UL HARQ and LCP issues:
	UL HARQ:

· 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)

· 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. 

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

· 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).
· 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).

· 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).
· 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.

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

· 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.
· 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)

· 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)
· For HARQ state B, FFS to run drx-RetransmissionTimerUL for blind UL retransmission

· 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 would like to resolve the FFSs left over and discuss the following issues:

· How to map the LCH to the proper UL HARQ processes for dynamic grant  

· What needs to be done for configured grant
2 Discussion
2.1 Mapping between LCH and HARQ process
· Naming of HARQ state A/B
It has been agreed that for at least dynamic grants, the network may optionally configure an UL HARQ retransmission state per HARQ process and the two UL HARQ retransmission states are defined as HARQ state A and HARQ state B in NTN. However consensus hasn’t been reached on the exact naming. From our perspective, there is no need to rename HARQ state A/B as the behaviours are clear:

	· 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. 

· 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)

· 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)


According to the HARQ RTT timer behaviours and UE behaviours above, HARQ state A simply means UL HARQ retransmission is enabled whereas HARQ state B means UL HARQ retransmission is disabled.
Proposal 1: RAN2 to confirm that HARQ state A means UL HARQ retransmission is enabled and HARQ state B means UL HARQ retransmission is disabled. No need to rename HARQ state A/B. 

· Mapping between LCH and HARQ process
According to the latest agreements, an UL HARQ retransmission state is optionally configured per HARQ process to support new LCH mapping restriction and proper configuration of drx-HARQ-RTT-TimerUL behaviour. So the HARQ processes may fall into one of the following three cases:

·  HARQ state A
·  HARQ state B

·  No HARQ state configured

In addition, a new LCH mapping restriction has been agreed to ensure that data from a specific LCH can be transmitted with the suitable HARQ process(es). In current spec, there are the following restrictions for LCP with each of their own purpose:
	-
allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;

-
maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;

-
configuredGrantType1Allowed which sets whether a configured grant Type 1 can be used for transmission;

-
allowedServingCells which sets the allowed cell(s) for transmission;

-
allowedCG-List which sets the allowed configured grant(s) for transmission;

-
allowedPHY-PriorityIndex which sets the allowed PHY priority index(es) of a dynamic grant for transmission.


So the simplest method is to introduce an optional parameter in the logical channel configuration, e.g. allowedHARQ-State which sets the allowed HARQ retransmission state for transmission. The LCH can be mapped to HARQ process(es) of the same retransmission state, i.e., the LCH can be mapped to more than one HARQ process. The absence of the parameter allowedHARQ-State means no restriction on the mapping between the LCH and HARQ retransmission state, i.e., the LCH can be mapped to more than one HARQ retransmission state. On the other hand, if a HARQ process is not configured with a HARQ retransmission state, the legacy behaviour applies (as per the agreement from RAN2 #115-e), which means all LCHs can be mapped to the HARQ processes not configured with a HARQ retransmission state. 
Proposal 2: Introduce an optional parameter in the logical channel configuration, e.g. allowedHARQ-State which sets the allowed HARQ retransmission state for transmission. 
Proposal 3: RAN2 confirms that it is possible that one LCH can be mapped to more than one HARQ process/ HARQ process type. 
2.2 HARQ disabling for configured grant
During the SI phase, the following conclusion was made [1]:

Semi-Persistent Scheduling should to be supported for HARQ processes with enabled and disabled HARQ feedback. Details can be decided in the WI phase.

Besides, both Type 1 and Type 2 configured grants have been agreed to be supported in NTN. Therefore, RAN2 should study HARQ disabling for configured grant besides dynamic grant. 

For uplink configured grants, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equations: 
	HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes, or
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2


For downlink configured assignments, the HARQ Process ID associated with the slot where the DL transmission starts is derived from the following equations:

	HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes, or
HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes + harq-ProcID-Offset


According to the progress made so far, both UL and DL HARQ disabling are configured per HARQ process by RRC signalling. In this case, for the same set of configured grants, different transmission occasions may result in using HARQ processes configured with different HARQ states after calculation. Using HARQ processes with different HARQ states for different transmission occasions will lead to out-of-order reception. This is obviously not reasonable as the same set of configured grants are usually configured for the same traffic. Two solutions to address this issue were proposed by contributions from last meeting [2-3]:
Solution 1: Signalling of HARQ enabling/disabling for dynamic grant doesn’t apply to configured grant and independent signalling is used for HARQ enabling/disabling for configured grant, i.e., HARQ State A/B is configured per CG. 
Solution 2: Signalling of HARQ enabling/disabling for dynamic grant also applies to configured grant and NW implementation guarantees that the calculated HARQ processes for configured grant have the same HARQ state, i.e. through the parameters such as nrofHARQ-processes, harq-ProcID-Offset and harq-procID-offset2.
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Solution 2: Processes 14-16 have the same HARQ state (nrofHARQ-processes=3, harq-procID-offset2=13)

Besides, another solution can also be considered:
Solution 3: Signalling of HARQ enabling/disabling for dynamic grant also applies to configured grant and configured grant is mapped to the HARQ processes with the same HARQ state. This can be realized if we allow that the calculated HARQ process IDs can be different from the HARQ process IDs actually used. 
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Solution 3: Mapping between calculated HARQ process IDs and actural HARQ processes 
For solution 2, it poses great limitation to the implementation as parameters like harq-ProcID-Offset and harq-procID-offset2 are introduced in R16 NRU/URLLC/IIOT and may not be supported by most UEs. Besides, the HARQ split of HARQ process space will result in less flexibility and may lead to lower throughput for some services whose HARQ state is different from that of the configured grant. Therefore the other two solutions can be further studied, i.e. solution 1 and solution 3. 
Proposal 4: RAN2 to study whether signalling of HARQ enabling/disabling for dynamic grant applies to configured grant and how to make sure that the HARQ processes used by configured grant have the same HARQ state.
3 Conclusion

In this contribution, we discussed the remaining MAC issues and have the following observation and proposals:

Proposal 1: RAN2 to confirm that HARQ state A means UL HARQ retransmission is enabled and HARQ state B means UL HARQ retransmission is disabled. No need to rename HARQ state A/B. 

Proposal 2: Introduce an optional parameter in the logical channel configuration, e.g. allowedHARQ-State which sets the allowed HARQ retransmission state for transmission. 
Proposal 3: RAN2 confirms that it is possible that one LCH can be mapped to more than one HARQ process/ HARQ process type. 
Proposal 4: RAN2 to study whether signalling of HARQ enabling/disabling for dynamic grant applies to configured grant and how to make sure that the HARQ processes used by configured grant have the same HARQ state.
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