
3GPP TSG-RAN WG2 Meeting #115 electronic
R2-2108351
Online, August 16 – August 27, 2021

Source: 


ZTE Corporation, Sanechips
Title: 
Considerations on HARQ in NTN
Agenda item:

8.10.2.2
Document for: 
Discussion and Decision
Introduction

This contribution intends to discuss remaining issues on HARQ aspects, including ul retransmission patterns as well as the potential impact on LCPs and DRX timers 
Discussion

 LCP and UL HARQ retransmission
In last meeting, following agreements have been achieved in HARQ aspects:

	Agreements RAN2#114-e
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.


Regarding above ffs issue in red fonts it is actually asking one question on whether retransmission-scheme based LCP enhancements is needed, which is extensively discussed in last meeting yet no consensus can be reached, and will be covered in the discussion later. 
First, let’s discuss the meaning of LCP restrictions. As discussed in the contribution submitted last meeting[2], the key issues for LCP restrictions is to guarantee the mapping between LCHs and UL grant indicated to fulfil the requirements as shown in below table:
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


To sum-up, the general principles as shown in above table is that:
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

And the both alternatives agreed for further studied can fulfill the requirement given above.
Observation 1: Either reusing allowedPHY-PriorityIndex (No enhancements) or introduce new LCP restriction to map LCH to one or more HARQ process(es) can ensure that:

Services with high latency and high/normal reliability requirement can only be mapped to UL grant with blind retransmission

Services with normal latency and reliability requirement will not be mapped to the UL grant without any HARQ retransmission

If allowedPHY-PriorityIndex is reused than there is no impact on specs. However since there is only one bit indication can be used, the consequence is that in case there are LCHs with multiple QoS requirement,  “The LCH with normal requirement on latency and reliability” might not be able to use the UL grant with blind retransmission to improve the transmission reliability, regardless if there are sufficient resource or not, which is a waste of UL resources. An possible configuration is given as follow for better understanding:

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 LCH with normal requirement on latency and reliability can only be mapped to UL grant with normal HARQ retransmission.
Observation 2: Reusing allowedPHY-PrioirtyIndex has least specs impact but as a consequence “The LCH with normal requirement on latency and reliability” cannot use the UL grant with blind retransmission in case LCHs with multiple QoS requirement are supported, which is not resource-efficiency wise. 
Another candidate method is to have introduce a new LCP restriction to map LCHs to one or more HARQ process(es). There could be different implementations to achieve above goals, but before discussing possible options, we need to first discuss the ffs issues linked with this option: whether the HARQ process need to be configured with retransmission “enabled/disabled”. 

To “classify HARQ process with “enabled/disable” semi-statically is not good for transmission reliability. Normally no retransmission is used for  since NW cannot schedule (blind) retransmission for LCHs mapped to this HARQ process in case sudden change of channel status, also it limits the NW’s scheduling flexibility.

Observation 3: To “classify HARQ process with “enabled/disable” semi-statically makes no good for transmission reliability and limits NW’s scheduling flexibility.
The arguments to support indicating whether UL retransmission is “enabled/disabled” is to avoid LCHs with different QoS requirement to use the same UL grant for transmissions. However, there are different options can achieved the same purpose without using such indication. As discussed in [2], different HARQ process can be assigned with different priorities levels (e.g., high-medium-low) and this priority level can be used for UE to select the grant for certain LCHs. For example, high-medium-and low priority (e.g., priority-ext) can be configured to certain HARQ process and LCHs, when selecting UL grant, UE can only select the UL grant whose HARQ process priority level is the same as that configured for the LCHs for transmission of the LCHs, therefore the mapping between LCHs and UL grant is restrictively guaranteed. 

Observations 4: To configure HARQ process and LCHs with different priority level and use it as new restrictions for selecting LCHs for a given UL grant can guarantee the mapping between LCHs with different QoS and UL grant without configuring retransmission schemes per HARQ process.
Therefore, it can be concluded from above analysis that it is unnecessary to classified HARQ process with retransmission “enabled/disabled” .

Proposal 1: No need to introduce retransmission scheme based LCP restrictions in NTN.
The advantages of alternative 2 is that NW can still schedule the retransmission dynamically for a given HARQ process if needed to cope with the channel variance while guarantying the perfect mapping between UL grant and LCHs with different QoS requirement. However, comparing to alternative 1 (i.e., reusing phy-priorityIndex),  this alternatives still needs a hard split between HARQ processes since the configuration of priority level is configured semi-statically, which is not as flexible as alternative 1.

Observation 5: Grouping HARQ process with different priority levels is not as flexible as alternative 1 (i.e., reusing phy-priorityIndex) since the priority level is configured semi-statically to HARQ process which can limit the HARQ processes number to be used for a certain LCHs.
As we can observed, both alternative 1 and alternative 2 has its own advantages and disadvantages, we are fine with either options based on majorities interests. 

since there are majority interests to have a finer granularity mapping between LCHs and UL grants\
Proposal 2: Discuss LCP enhancements based on following alternatives:
Alt1: reuse allowedPHY-PriorityIndex (i.e., no enhancements);

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

Proposal 3: It is optional for NW to configure additional LCP restriction if agreed in NTN.

drx-HARQ-RTT-TimerUL
Following agreements are achieved regarding drx-HARQ-RTT-TimerULin RAN23114-e:
	Agreements:

The following options are supported for drx-HARQ-RTT-TimerUL in NTN per HARQ process: 1) Timer length is extended by offset; 2) Timer set to zero and/or 3) Timer disabled (i.e. not started). FFS if this is based on explicit configuration or not. We can also come back to see whether both 2 and 3 are needed.

Agreements via email (from offline 103):

RAN2 working assumption: Offset for drx-HARQ-RTT-TimerUL is equal to UE-gNB RTT (if RAN1 decides something that requires to change this we can revisit it).

The drx-HARQ-RTT-TimerUL behaviour applied for each HARQ process is up to the network (e.g. to support NW scheduling strategy to avoid HARQ stalling).


Three behavior has been supported for drx-HARQ-RTT-TimerUL, and it is ffs whether both option 2 and option 3 as listed above is both needed. Also the configurations of the three options is ambiguous, thus further discussion is needed.
drx-HARQ-RTT-TimerUL is used to suspend UE from monitoring PDCCH for subsequent transmission after the end of PUSCH transmission. If NW intends to schedule UE after successfully decoding the previous transmissions, than UE doesn’t need to monitor the PDCCH until at least one RTT, in such case, the drx-HARQ-RTT-TimerUL length can be extended with an offset. While in other case an new scheduling can be expected within less than one RTT, there is no need start the timer to suspend the DCI monitoring, which can either be done by configuring a zero-length drx-HARQ-RTT-Timer or not starting dex-HARQ-RTT-Timer. Considering drx-HARQ-RTT-TimerUL value in current specs is configured per DRX-Config, to avoid too many specs impact, it is proposed to reuse the same principle here that only one value for drx-HARQ-RTT-TimerUL. Therefore, not starting drx-HARQ-RTT-Timer is preferred. 
Therefore based on above, only two behaviors is needed to be configured per HARQ process for a DRX configuration:

Timer length is extended by offset; 

Timer disabled (i.e. not started).

Proposal 4: Only two behaviors is needed to be configured per HARQ process:

Timer length is extended by offset; 

Timer disabled (i.e. not started).
Moreover, since value zero is already supported in NR, it shall be able to be used together with above two behaviors, which is up to NW’s implementations. For example if  “0” value is configured, then for option 1, the timer length will be the offset used. 

Proposal 5: Only one value is configured for drx-HARQ-RTT-TimerUL per DRX-Config with value “0” is also possible option as in legacy. 
Conclusion and proposals

Based on above analysis, we have following observations and proposals:

On LCP and UL HARQ retransmissions
Observation 1: Either reusing allowedPHY-PriorityIndex (No enhancements) or introduce new LCP restriction to map LCH to one or more HARQ process(es) can ensure that:

Services with high latency and high/normal reliability requirement can only be mapped to UL grant with blind retransmission

Services with normal latency and reliability requirement will not be mapped to the UL grant without any HARQ retransmission

Observation 2: Reusing allowedPHY-PrioirtyIndex has least specs impact but as a consequence “The LCH with normal requirement on latency and reliability” cannot use the UL grant with blind retransmission in case LCHs with multiple QoS requirement are supported, which is not resource-efficiency wise.

Observation 3: To “classify HARQ process with “enabled/disable” semi-statically makes no good for transmission reliability and limits NW’s scheduling flexibility.
Observations 4: To configure HARQ process and LCHs with different priority level and use it as new restrictions for selecting LCHs for a given UL grant can guarantee the mapping between LCHs with different QoS and UL grant without configuring retransmission schemes per HARQ process.

Observation 5: Grouping HARQ process with different priority levels is not as flexible as alternative 1 (i.e., reusing phy-priorityIndex) since the priority level is configured semi-statically to HARQ process which can limit the HARQ processes number to be used for a certain LCHs.

Observation 6: Always having additional LCP restrictions might lead to unnecessary complexity in NW implementation for some NTN scenarios.
Proposal 1: No need to introduce retransmission scheme based LCP restrictions in NTN.
Proposal 2: Discuss LCP enhancements based on following alternatives:
Alt1: reuse allowedPHY-PriorityIndex (i.e., no enhancements);

Alt2: Group HARQ process with different priority
Proposal 3: It is optional for NW to configure additional LCP restriction if agreed in NTN.

On drx-HARQ-RTT-TimerUL
Proposal 4: Only two behaviors is needed to be configured per HARQ process:

Timer length is extended by offset; 

Timer disabled (i.e. not started).
Proposal 5: Only one value is configured for drx-HARQ-RTT-TimerUL per DRX-Config with value “0” is also possible options as in legacy. 
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