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1 Introduction
The following agreements about LCP and HARQ are attained in RAN2 #115 meeting:
	Agreements:

Confirm the RAN2 working assumption that oet to drx-HARQ-RTT-TimerUL length is equal to UE-gNB RTT (i.e. sum on UE's TA a No new LCP restrictions are introduced for exisiting UL MAC CEs (if new MAC CEs will be introduced we can revisit this)

nd K_mac).

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).

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:

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.

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 effecFS Ft (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).
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)

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

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:
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)
Agreements online:

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, some remaining issues for LCP and HARQ are discussed.

2 Discussion
2.1 DG
2.2 Whether to map LCH to more than one HARQ process/ process type
Based on the agreements in RAN2 #115e meeting, one HARQ process may be configured to HARQ state A or HARQ state B, or not be configured to any HARQ state, which is called legacy HARQ state. So there are 3 types of HARQ state: state A, state B and legacy HARQ state, as illuminated in figure1. The first issue is whether a LCH is configured to HARQ process or HARQ state. Since the essential object of LCH mapping is delay and reliability characteristics, which is related to HARQ state, not the HARQ process, so the reasonable solution is mapping LCH to HARQ state.
Proposal 1: LCH is map to HARQ process via HARQ state.

[image: image1.emf]drx-RetransmissionTimerUL

Extended Drx-HARQ-RTT-TimerUL 

HARQ process 1  

HARQ process 0  

HARQ process 3  

HARQ process 2  

HARQ process 5

HARQ process 4  

HARQ process 7  

HARQ process 6 

HARQ state A

HARQ state B

LCH 0

LCH 1

LCH 2

LCH 3

Drx-HARQ-RTT-TimerUL 

RTT

Legacy HARQ 

state 

drx-RetransmissionTimerUL

drx-RetransmissionTimerUL

UL transmission

 

drx-RetransmissionTimerUL ??

Disabled Disable drx-HARQ-RTT-TimerUL 


Figure 1: mapping LCH and HARQ process to HARQ state
When a LCH is mapped to HARQ state, there are 6 combinations of HARQ state, as in table 1:
Table 1: all the LCH - HARQ state mapping cases
	Combination 
	HARQ state
	Configuration

	#1
	A only
	Excluded

	#2
	B only
	Excluded

	#3
	A + B
	Excluded

	#4
	A + legacy
	mappingHARQState = stateA

	#5
	B + legacy
	mappingHARQState = stateB

	#6
	A + B + legacy
	mappingHARQState is not configured


Considering the above agreement of “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)” in RAN2 #115e meeting, all the LCHs could be mapped to HARQ process of legacy HARQ state, at least from the configuration point of view. In the process of data transmission, if the data is transmitted via HARQ process of legacy HARQ state, UE may not receive the UL grant assignment for UL retransmission because of the short value of DRX-HARQ-RTT-TimerUL. However, gNB implementation is due to solve or avoid this problem.

Observation 1: all the LCHs could be mapped to HARQ process of legacy HARQ states.
Therefore, the combination #1/#2/#3 in table 1 shall be excluded from configuration because the HARQ process of legacy HARQ state is not included in these 3 combinations. As a result, the other 3 types of combinations could be configured by the following parameter:
mappingHARQState-r17         ENUMERATED {stateA, stateB}     OPTIONAL, -- Need S
For one LCH, if this parameter is configured as “stateA”, the LCH could be mapped to combination #4 in table 1, if this parameter is configured as “stateB”, the LCH could be mapped to combination #5, if this parameter is not configured, combination #6 in table shall be applied. So, Mapping to multiple types of HARQ states is not needed.
Proposal 2: It is not needed to map LCH to more than one process type explicitly.
Proposal 3: New parameter of mappingHARQState is introduced to map LCH to HARQ type.
Proposal 4: If mappingHARQState is configured as ‘stateA’, LCH could be mpped to HARQ process of HARQ state A and legacy HARQ state, if mappingHARQState is configured as ‘stateB’, LCH could be mpped to HARQ process of HARQ state B and legacy HARQ state, if mappingHARQState is not configured, LCH could be mapped to HARQ process of HARQ state A, HARQ state B and legacy HARQ state.
2.2.1 For HARQ state B, whether to run drx-RetransmissionTimerUL for blind UL retransmission
The next issue is whether to run drx-Retransmission-TimerUL for blind UL retransmission for HARQ state B. Since the basic object of drx-Retransmission-TimerUL is guaranteeing the UE to receive UL grant assignment for retransmission, if this timer is not running for HARQ state B, UE may not decode PDCCH, and miss the UL grant assignment for retransmission in extreme condition. Therefore, drx-RetransmissionTimerUL shall be started for HARQ state B.
Proposal 5: Drx-RetransmissionTimerUL shall be started for HARQ state B.
2.2.2 Mapping between HARQ process ID and HARQ process type
Since the RRC message has been agreed to configure the HARQ state to HARQ process, the next issue is how to configure the mapping between HARQ process and HARQ state. There are 3 possible HARQ states for every HARQ process: state A, state B and legacy HARQ state. However, there is no benefit to configure the legacy HARQ state to a HARQ process of NTN cell, because both HARQ based retransmission and blind retransmission are not supported well by this HARQ state.
Observation 2: There is no benefit to configure the legacy HARQ state to a HARQ process of NTN cell.
If legacy HARQ state is excluded, the bitmap is suitable to configure the HARQ state. Figure 2 is an example of this configuration For DG, UE acquires HARQ process ID via DCI, deduces the HARQ state based on mapping relationship, and determines the LCH set to be considered in LCP. For CG, UE deduces the HARQ process ID firstly, deduces the HARQ state further, and determines the LCH set at last.
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Figure 2: mapping between HARQ process ID and HARQ
Proposal 6: Bitmap is applied to configure the HARQ state to HARQ process.
2.3 CG
2.3.1 LCP restriction for CG
Based on the agreement in RAN2 #114 meeting, if a new LCP restriction is agreed for dynamic grant, it shall be not precluded for configured grant. From this point of view, there is no reason to preclude new LCP restriction for configured grant.

Proposal 7: Apply the new LCP restriction for configured grant.

2.3.2 HARQ process type in CG
If new LCP restriction is applied to CG, and more than one HARQ process are occupied by CG, the following cases in figure 3 may be possible.
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Figure 3: the HARQ process type in one CG configuration
In the example of figure 3, HARQ process #1 and #5 are occupied by one CG configuration. For case B, two HARQ processes for one CG configuration are configured with different HARQ state, therefore, the different LCP policy shall be supported for the different HARQ processes of one CG. For case A and case C, two HARQ processes for one CG are configured with the same state, it is clean and simple.
Since both CG and HARQ state configuration are via RRC message, it is gNB implementation to guarantee that multiple HARQ processes of one CG configuration shall be configured as the same HARQ state.

Observation 3: gNB shall guarantee that multiple HARQ processes of one CG configuration are configured as the same HARQ state.
Furtherly, if multiple CG configurations are included in one RRC message, how to limit the HARQ state? In the example of figure 4, both CG A and CG B are configured to the UE, and every CG occupies two HARQ processes. In order to simplify the specification, it is suggested to guarantee all the HARQ processes of multiple CG configuration shall be configured to the same HARQ state. Similar to observation 1, this is due to gNB implementation.
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Figure 4: the HARQ process type in multiple CG configurations
Observation 4: gNB shall guarantee that all HARQ processes of multiple CG configurations are configured to the same HARQ state.
3 Conclusion

In this contribution we discuss the LCP and HARQ remaining issues for NTN, and made the following proposals:
Proposal 1: LCH is map to HARQ process via HARQ state.
Proposal 2: It is not needed to map LCH to more than one process type explicitly.

Proposal 3: New parameter of mappingHARQState is introduced to map LCH to HARQ type.

Proposal 4: If mappingHARQState is configured as ‘stateA’, LCH could be mpped to HARQ process of HARQ state A and legacy HARQ state, if mappingHARQState is configured as ‘stateB’, LCH could be mpped to HARQ process of HARQ state B and legacy HARQ state, if mappingHARQState is not configured, LCH could be mapped to HARQ process of HARQ state A, HARQ state B and legacy HARQ state.

Proposal 5: Drx-RetransmissionTimerUL shall be started for HARQ state B.
Proposal 6: Bitmap is applied to configure the HARQ state to HARQ process.

Proposal 7: Apply the new LCP restriction for configured grant.

Observation 1: all the LCHs could be mapped to HARQ process of legacy HARQ states.
Observation 2: There is no benefit to configure the legacy HARQ state to a HARQ process of NTN cell.
Observation 3: gNB shall guarantee that multiple HARQ processes of one CG configuration are configured as the same HARQ state.
Observation 4: gNB shall guarantee that all HARQ processes of multiple CG configurations are configured to the same HARQ state.
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