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Introduction

In RAN2#113bis-e, following agreements have been achieved regarding to LCP on HARQ aspects:
	Agreements:

It is NW scheduling strategy to avoid NTN UE in HARQ stalling state. From RAN2 perspective, the NW can continuously schedule the UE using one or a combination of scheduling strategies, such as without HARQ retransmissions, or with blind retransmissions, or with HARQ retransmissions based on DL HARQ feedback (or UL decoding result).

LCP restrictions should be further considered for an UL HARQ process in NTN. FFS if no further LCP restrictions are needed, or if (R16) existing LCP restrictions can be re-used or if new LCP restriction shall be defined for this purpose.


Based on above agreements, this contribution intends to further discuss the LCP restrictions for UL HARQ in NTN.
Discussion

There were hot discussions in previous meetings on whether current LCP is sufficient to prevent services with different requirement on delay and reliability to be mapped into the same HARQ process, especially for services which might require different retransmission schemes (e.g., without HARQ retransmissions, or with blind retransmissions, or with HARQ retransmissions based on DL HARQ feedback (or UL decoding result)). And some companies propose to group HARQ processes with different retransmission scheme semi-statically and use it as additional LCP restrictions. 

However, in our understanding, the key issue of the discussion is whether current LCP restrictions can guarantee sufficient accurate mapping between LCHs and UL grant.

Proposal 1: The key issue for the LCP discussion is whether the LCP restriction can provide sufficient accurate mapping between LCHs and UL grant in NTN.
 Configured Grant

In NR, multiple CG can be configured to UE, and the mapping between CG and LCHs can be controlled in the following LCP restrictions:
-
configuredGrantType1Allowed which sets whether a configured grant Type 1 can be used for transmission;

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

Based on allowedCG-List and configuredGrantType1Allowed configuration NW can control the allowed CG type and CG to be used for transmission of certain LCHs. Since the configuration of CG and HARQ process ID is also controlled by NW, therefore current LCP is also sufficient to guarantee the mapping between LCHs and HARQ process ID for CG case.

Observation 1: For Configured Grant, proper configuration of configuredGrantType1Allowed and allowedCG-List can be used to guarantee the mapping between LCHs and configured UL grant.

Proposal 2: No new LCP restriction is needed for Configured grant in NTN.
 Dynamic grant

For the dynamic UL grant in NTN, according to different retransmission scheme, the following three kinds of UL grant can be considered:

UL grant with normal HARQ retransmission

UL grant without any kind of HARQ retransmission

UL grant with blind retransmission

Based on the requirement on latency and reliability, the mapping between the three kinds of UL grant and corresponding services can be found in the table below:

Table 1 UL grant with different transmission scheme and targeted service in NTN
	Retransmission scheme of UL grant
	Target services

	UL grant with normal HARQ retransmission
	Normal services, with certain requirement on both latency and reliability.

	UL grant without any kind of HARQ retransmission
	Services with low requirement on latency (i.e. no matter the requirement on reliability is high or not), for which the reliability mainly depends on RLC level retransmission.

Service with low requirement on reliability (i.e. no matter the requirement on latency is high or not), for which the retransmission is not needed at all.

	UL grant with blind retransmission
	Services with high requirement on latency and high/normal requirement on reliability, for which the reliability is ensured by the blind retransmission.


To evaluate whether the LCP restriction can satisfy the requirement of NTN for dynamic grant, the table above can be considered as a starting point.

Proposal 3: To evaluate the requirement on LCP restriction in NTN, the table above can be considered as a starting point.

Since the main intention of LCP is to ensure the data from LCH can be mapped to the suitable UL grant, which can satisfy the QoS requirement of the corresponding LCH, one table is given as follow to show the potential mapping between different kind of UL grant and services to identify the potential issues in NTN.
Table 2 Mapping requirement between UL grant and LCH in NTN
	UL grant type

QoS requirement
	UL grant with normal HARQ retransmission
	UL grant without any kind of HARQ retransmission
	UL grant with blind retransmission

	Type 1 service:

Normal latency req and

Normal reliability req
	Intended mapping
	For the service with UM RLC, the reliability cannot be ensured
	No issues.
Since a lower LCH priority can be configured to type 1 services, compared to the LCH priority of type 3 services, the type 1 services will only be mapped to the UL grant in case the transmission of type 3 UL grant is satisfied. 

(Acceptable mapping )

	Type 2 service:

Low latency req or

low reliability req
	No issues if the LCH priority of services can be set properly.

(Acceptable mapping )
	Intended mapping
	No issues. Similar as above.

(Acceptable mapping )

	Type 3 service:

High latency req AND

High/normal reliability req
	Latency cannot be ensured
	Reliability cannot be ensured
	Intended mapping


Based on the table above, the following requirement can be identified for NTN.

The type 3 service (high requirement latency and high/normal requirement on reliability) can be mapped to 

UL grant with blind retransmission

The type 2 service (low requirement on either latency or reliability) can be mapped to

UL grant with normal HARQ retransmission

UL grant with blind retransmission

UL grant without any kind of HARQ retransmission

The type 1 service (normal requirement on latency and reliability) can be mapped to 

UL grant with normal HARQ retransmission

UL grant with blind retransmission

With the mapping requirement above, the new requirement on LCP restriction is that, the LCP shall be able to:

Ensure the type 3 services can only be mapped to UL grant with blind retransmission (i.e. will not be mapped to the UL grant with HARQ transmission, and UL grant without any HARQ retransmission)

Ensure the type 1 services will not be mapped to the UL grant without any HARQ retransmission

For the other cases, although in some cases the mapping is not the expected one, considering LCH priority can be used to ensure the data from LCH with higher priority can be mapped to UL grant first, and the LCH with lower priority can only be mapped to such grant in case the requirement from LCH with higher priority is satisfied, we don’t see any need to restrict such kind of mapping (e.g. mapping between type 1 services to UL grant with blind retransmission). This is similar as the use of maxPUSCH-Duration, with which the LCH with low requirement on latency can also be mapped to the UL grant with smaller PUSCH duration (e.g. UL grant for the low latency services), and it is up to LCH priority to ensure the service with high requirement with latency will be transmitted first.

Observation 2: Although in some case the mapping between LCHs and UL grant is not the expected one, considering LCH priority can be used to ensure the data from LCH with higher priority can be mapped to UL grant first, and the LCH with lower priority can only be mapped to such grant in case the requirement from LCH with higher priority is satisfied, there is no need to restrict such kind of mapping, which is similar as what we have done before (e.g. for maxPUSCH-Duration)
Proposal 4：In NTN, the LCP restriction shall be able to:

Ensure one LCH can only be mapped to UL grant with blind retransmission (i.e. will not be mapped to the UL grant with HARQ transmission, and UL grant without any HARQ retransmission)

Ensure one LCH  will not be mapped to the UL grant without any HARQ retransmission
In current specs, the following LCP restrictions can be supported in NR to control the mapping between LCHs and physical channel (i.e., in HARQ process):

-
allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;

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

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

-
allowedPHY-PrioirtyIndex which sets the allowed PHY priority index(es) of a dynamic grant for transmission.
The allowedPHY-PrioirtyIndex has been introduced in Rel-16 IIOT to ensure the high priority data will be mapped to the UL grant for the high priority data specifically, where the high priority data mainly refer to the data of time-sensitive service. According to the specs, the usage of allowedPHY-PrioirtyIndex is given as follow:
if the allowedPHY-PrioirtyIndex is configured for one LCH and the dynamic grant has a PHY-priority index, UL MAC SDUs from this LCH can only be mapped to the dynamic grants indicating PHY-priority index equal to the values configured by this field. 

If the allowedPHY-PrioirtyIndex is configured and the dynamic grant does not have a PHY-priority index, UL MAC SDUs from this logical channel can only be mapped to this dynamic grant if the value of the field is p0. Since the present of PHY-priority index is configured by IE priorityIndicatorDCI-0-1 in RRC signaling, the present or not can not be changed dynamically.

If the allowedPHY-PrioirtyIndex is not configured, UL MAC SDUs from this logical channel can be mapped to any dynamic grants. 

According to the definition allowedPHY-PrioirtyIndex, one possible configuration can be found as follow:

The LCH with high requirement latency and high/normal requirement on reliability (p = 1) 

UL grant with blind retransmission (p = 1)

The LCH with low requirement on either latency or reliability (p is not configured)

UL grant with normal HARQ retransmission (p = 0)

UL grant with blind retransmission (p=1)

UL grant without any kind of HARQ retransmission (p = 0)

The LCH with normal requirement on latency and reliability (p = 0)

UL grant with normal HARQ retransmission (p = 0)

UL grant with blind retransmission (p=1)

Based on the example above, it can be observed that the 1 bit allowedPHY-PrioirtyIndex can not be used to achieve the LCP requirement identified in proposal 3 perfectly. However, if it is acceptable that the “The LCH with normal requirement on latency and reliability” cannot use the UL grant with blind retransmission, then no optimization is needed for NTN. Otherwise, some enhancement is needed.

Observation 3: 1 bit allowedPHY-PrioirtyIndex can not be used achieve the LCP requirement identified in proposal 3 perfectly. However, if it is acceptable that the “The LCH with normal requirement on latency and reliability” (i.e. LCH aim to use normal HARQ retransmission) cannot use the UL grant with blind retransmission, then no optimization is needed for NTN. Otherwise, some enhancement is needed.
Proposal 5：Discuss whether the restriction is acceptable that the “The LCH with normal requirement on latency and reliability” (i.e. LCH aim to use normal HARQ retransmission) cannot use the UL grant with blind retransmission, in which case some resource may be wasted. If yes, then no optimization is needed; otherwise, some optimization is needed.
If such restriction is not acceptable, then finer LCP restriction will be required in NTN. 
One potential solution is to simply extend the bit-length of allowedPHY-PrioirtyIndex, which has actually been discussed in IIoT but not agreed, because by that time companies considered two priority level as sufficient in IIoT. 
Another candidate method is to group HARQ process with different priority levels and based on the priority levels to decide which LCHs can be mapped to in the UL grant linked to the HARQ process. 
Observation 4: There are two alternatives to achieve finer LCHs priority handling in NTN:

Alt1: Extend the bit-length of allowedPHY-PrioirtyIndex;

Alt2: Group HARQ process with different priority
For alt1, allowedPHY-PrioirtyIndex can be extended from one-bit to two bits to allow up-to 4 priority classes, and NW can still base on the priority index in DCI and LCH configuration to decide which grant can be used for different LCHs. This method has less specs impact in RAN2 since most of the legacy behaviors can be reused. But extending the allowedPHY-PrioirtyIndex also requires extending the priority index in DCI, which will need to be confirmed by RAN1. 

Observation 5: A 2-bit allowedPHY-PriorityIndex allows NW to provide a finer priority for each UL grant, which can reuse most of legacy design on allowedPHY-PriorityIndex, but confirmation from RAN1 is required.
Alt2 is to group the HARQ process with different priority levels, and UE can based on comparison results of LCH priorities and priority level of HARQ process assigned in the UL grant to decide which UL gran can be used for the LCHs. With this alternative, the mapping between LCHs and UL grant can be further guaranteed while still allows some scheduling flexibility since NW can still adjust the transmission scheme of the HARQ process configured dynamically. But compared to alt 1, alt2 will have more RAN2 specs impact, since the mapping between HARQ process of different priority and LCHs needs to be specified in both MAC and RRC specs.
Observation 6: HARQ group priority allows a more strict mapping between dynamic grant and LCHs while still gives some scheduling flexibility at NW side, but there is more RAN2 specs impact compared to alt1 (i.e., extending allowedPHY-PrioirtyIndex). 

Therefore, if majorities consider additional LCP restrictions is beneficial for some cases, it is proposed to discuss LCP enhancements based on following alternatives:

Proposal 6: If optimization is confirmed as needed, discuss LCP enhancements based on following alternatives:
Alt1: Extend the bit-length of allowedPHY-PriorityIndex;

Alt2: Group HARQ process with different priority
As aforementioned, current NR LCP restrictions shall be sufficient for most of NTN scenarios, the additional LCP restrictions is only needed for complicated situations where strict mapping between LCHs and dynamic grant (including HARQ process assigned) is required. Always implementing additional restrictions in NTN could lead to unnecessary complexity in NW’s implementation, therefore if additional restriction is to be used, it shall be optionally configurable based on NW’s decision.

Observation 7: Always having additional LCP restrictions might lead to unnecessary complexity in NW implementation for some NTN scenarios.

Proposal 7: It is optional for NW to configure additional LCP restriction if agreed in NTN.
Conclusion and proposals

Based on above analysis, we have following observations and proposals:
Proposal 1: The key issue for the LCP discussion is whether the LCP restriction can provide sufficient accurate mapping between LCHs and UL grant in NTN.

Configured grant
Observation 1: For Configured Grant, proper configuration of configuredGrantType1Allowed and allowedCG-List can be used to guarantee the mapping between LCHs and configured UL grant.

Proposal 2: No new LCP restriction is needed for configured grant in NTN.

Dynamic grant
Proposal 3: To evaluate the requirement on LCP restriction in NTN, the table below can be considered as a starting point.

	Retransmission scheme of UL grant
	Target services

	UL grant with normal HARQ retransmission
	Normal services, with certain requirement on both latency and reliability.

	UL grant without any kind of HARQ retransmission
	Services with low requirement on latency (i.e. no matter the requirement on reliability is high or not), for which the reliability mainly depends on RLC level retransmission.

Service with low requirement on reliability (i.e. UM RLC is used), for which the retransmission is not needed at all.

	UL grant with blind retransmission
	Services with high requirement on latency and high/normal requirement on reliability, for which the reliability is ensured by the blind retransmission.


Observation 2: Although in some case the mapping between LCHs and UL grant is not the expected one, considering LCH priority can be used to ensure the data from LCH with higher priority can be mapped to UL grant first, and the LCH with lower priority can only be mapped to such grant in case the requirement from LCH with higher priority is satisfied, there is no need to restrict such kind of mapping, which is similar as what we have done before (e.g. for maxPUSCH-Duration)

Proposal 4：In NTN, the LCP restriction shall be able to:

Ensure one LCH can only be mapped to UL grant with blind retransmission (i.e. will not be mapped to the UL grant with HARQ transmission, and UL grant without any HARQ retransmission)

Ensure one LCH will not be mapped to the UL grant without any HARQ retransmission
Observation 3: 1 bit allowedPHY-PriorityIndex can not be used achieve the LCP requirement identified in proposal 3 perfectly. However, if it is acceptable that the “The LCH with normal requirement on latency and reliability” (i.e. LCH aim to use normal HARQ retransmission) can not use the UL grant with blind retransmission, then no optimization is needed for NTN. Otherwise, some enhancement is needed.

Proposal 5：Discuss whether the restriction is acceptable that the “The LCH with normal requirement on latency and reliability” (i.e. LCH aim to use normal HARQ retransmission) can not use the UL grant with blind retransmission, in which case some resource may be wasted. If yes, then no optimization is needed; otherwise, some optimization is needed.
Observation 4: There are two alternatives to achieve finer LCHs priority handling in NTN:

Alt1: Extend the bit-length of allowedPHY-PriorityIndex;

Alt2: Group HARQ process with different priority
Observation 5: A 2-bit allowedPHY-PriorityIndex allows NW to provide a finer priority for each UL grant, which can reuse most of legacy design on allowedPHY-PrioirtyIndex, but confirmation from RAN1 is required.
Observation 6: HARQ group priority allows a more strict mapping between dynamic grant and LCHs while still gives some scheduling flexibility at NW side, but there is more RAN2 specs impact compared to alt1 (i.e., extending allowedPHY-PrioirtyIndex).
Proposal 6: If optimization is confirmed as needed, discuss LCP enhancements based on following alternatives:
Alt1: Extend the bit-length of allowedPHY-PrioirtyIndex;

Alt2: Group HARQ process with different priority
Observation 7: Always having additional LCP restrictions might lead to unnecessary complexity in NW’s implementation for some NTN scenarios.

Proposal 7: It is optional for NW to configure additional LCP restriction if agreed in NTN.
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