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Introduction

The contribution intends to discuss remaining issues on other MAC aspects, including DRX timer adaption, CG timer extension as well as how to handle HARQ status for CG/SPS.
Discussion
2.1 CG timer extension

It is agreed that configuredGrantTimer can be extended in NTN. FFS details of when extension is applicable and method of extention in last RAN2 meeting, and the following options have been proposed:

Opt1: Introducing value(s) of configuredGrantTimer larger than 64;

Opt2: Value of the configuredGrantTimer is extended by UE-gNB-RTT;
Based on current specification, configuredGrantTimer is used to prevent the same HARQ proces being used for new transmission. And it leaves NW sufficient flexibility to configure the configureGrantTimer to fit with different scheduling strategies. For example, if NW intends to blindly schedule a retransmission before receiving the previous decoding results, it can configure UE with a configureGrantTimer with values smaller than RTT.
Observation 1: Current specs allow flexible configuration of the configureGrantTimer (including not configure at all) to fit with different scheduling strategies, e.g., configureGrantTimer with value smaller than RTT can be used for blind retransmission.

To always automatically increase the configureGrantTimer with length equals to UE-gNB RTT will increase the implementation complexity at NW’s side since NW will need to continuously monitor the UE-gNB RTT based on TA report also the scheduling flexibility is also comprised since it is impossible for NW to schedule retransmission blindly. While always not configuring a configureGrantTimer will lead to unintentionally overlap of HP IDs.

Observation 2: To automatically increase configureGrantTimer with UE-gNB RTT will limit NW’s scheduling flexibility since the configureGrantTimer will always larger than one RTT which makes it impossible for NW to schedule retransmission for the same CG blindly.

Observation 3: To automatically increase configureGrantTimer with UE-gNB RTT will increase NW’s implementation since NW will need to continuously to monitor the updates of UE-gNB RTT to deduce the configureGrantTimer length applied.

Therefore for the sake of implementation flexibility as well as complexity it is prefer to extend configureGrantTimer with larger values.
The main concerns on option 1 is that to additional signalling overhead required to support worst case scenarios. Based on existing periodicity supported, considering the worst case in GEO where maximum RTT rounds up to 518 ms, the required configureGrantTimer length is given in the table below:

	SCS (kHz)
	15
	30
	60 
	120

	Minimum periodicity (2 symbols)
	1/7 ms
	1/14 ms
	1/28 ms
	1/56 ms

	Maximum required configureGrantTimer (round-up)
	3791
	7581
	15161
	30322

	Additional bits required (bits)
	12
	13
	14
	15


Observation 4: Considering the worst case scenarios where periodicity is 2 symbols, the additional required bits for continuous extension of configureGrantTimer would be 15 bits, which is relatively large.
To limit the signalling overhead, one option is not to extend the ConfiguredGrantTimer continuously, while only a selective number of new ConfiguredGrantTimer are considered, then together with different combination of periodicities most of scenarios can still covered. An example can be to enumerate the number from 64+n to 29008 with space of n, n can be any exponent of 2 depends on the exact overhead that can be acceptable for companies. For example, n=8 can decreased the overhead required down by third bits. Or other solution can also be considered to further decreased the overhead if required.
Proposal 1: ConfiguredGrantTimer is extended with selective number of values to cover the worst case scenarios. The detailed values can be further discussed.

2.2 DRX timer adaption

RAN2 has concluded on the handling of drx-HARQ-RTT-TimerDL/UL while how to handle drx-RetransmissionTimerDL/UL is still pending.

drx-RetransmissionTimerDL
In last-meeting’s offline discussion, following alternatives have been proposed to handle the drx-RetransmissionTimer DL when HARQ feedback is disabled:

Alt1: Rely on UE being in DRX Active Time via other means (e.g. Inactivity Timer); 

Alt2: Start drx-RetransmissionTimerDL in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH; 

Alt3: 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);
Alt4: Start drx-RetransmissionTimerDL with offset indicated by NW after the end of the reception of the last PDSCH;

It can be observed that in general two directions have been proposed, one is to rely on existing DRX operation to keep UE in active state (i.e., alt1), which has least specs impact. Another option is to define new trigger to start drx-RetransmissionTimerDL (i.e., alt2~4).

One of the main motivation to define new start for drx-retransmissionTimerDL is to avoid long monitoring of InactivityTimer. However, when drx-RetransmissionTimerDL is started/restarted UE still needs to monitor PDCCH, the resulted power consumption might not be lower as expected, especially considering the fact NW can schedule blind retransmission continuously based on existing specs. Also according to 38321, DRX is only used to control UE’s PDCCH monitoring behavior, which means so long as there is one HARQ that keep UE in active state, UE will still monitoring the PDCCH and act on it if received any, therefore it is still of high possibility UE can receive blind retransmission as expected.
Observation 5: DRX is used to UE’s PDCCH monitoring behavior which means as long as one HARQ can keep UE in active UE will still monitor PDCCH and act on it if received any.
Observation 6: (Re)tart drx-RetransmissionTimerDL to allow blind-retransmission grant still increase UE’s monitoring time which might not have much gain on power saving than relaying on existing behavior especially considering there could be many reasons that can keep UE in active state, also it will have more specs impact.

Since the gain is not valid for all scenarios, to avoid unnecessary specs impact it is proposed to rely on NW’s implementation to allow blind-retransmission, no adaption to drx-RetransmissionTimerDL is needed.
Proposal 2: No adaption on drx-RetransmissionTimerDL is needed.
drx-RetransmissionTimerUL

Following alternatives have been proposed for handling of drx-RetransmissionTimerUL when HARQ state B is configured: 

Alt1: Rely on UE being in DRX Active Time via other means (e.g. Inactivity Timer); 

Alt2: Start drx-RetransmissionTimerUL at the end of PUSCH transmission; 

Alt3: Start drx-RetransmissionTimerUL at offset indicated by NW after the end of PUSCH transmission;

Similar to handling of drx-RetransmissionTimerDL, the proposed solution for drx-RetransmissionTimer when HARQ state B is configured is either to rely on existing behavior or to define new trigger to start drx-RetransmissionTimerUL. The argument to start drx-RetransmissionTimerUL is to increase the chances to schedule blind retransmission to avoid missing retransmission grant. However, as explained before there are many reasons, not only inactivityTimer that can keep UE inactive state, therefore there are plenty of chances for NW to schedule retransmission properly based on UE’s state and service requirement.
Observation 7: As explained in observation 5 there are more reasons other than inactityTimer that can keep UE in active, therefore there are plenty of chances for NW to schedule retransmission properly based on UE’s state and service requirement.
Moreover considering the fact NW might also decide not to schedule any retransmission in state B, in such case to start drx-RetransmissionTimer could be a wast of power since there is no retransmission expected.

Observation 8: Always start drx-RetransmissionTimerUL when state B is configured could increase power consumption unnecessarily since there might not be any retransmssion expected at all. 

Based on above analysis, the enhancement on drx-RetransmissionTimerUL is not essential considering the possible increment of power consumption and the additional specs impact. Therefore it is proposed not to do any adaption on drx-RetransmissionTimerUL.

Proposal 3: No adaption on drx-RetransmissionTimerUL is needed.
2.3 HARQ configuration for SPS/CG

In RAN2#116-e RAN2 has discussed briefly on how to configure HARQ configuration for SPS/CG and following agreements have been achieved:
	Agreements RAN2#116-e

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

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

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


Furthermore in RAN1#107-e they achieved a bit more progress on this aspects, together with agreed RRC parameter lists sent in R1-2112976[4], where I copy the relevant description of the newly agreed indication used to enable the SPS activation feedback.
	Agreements RAN1#107-e
HARQ feedback for SPS activation may be additionally enabled by the network by RRC configuration.
If enabled, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of whether HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation

Otherwise, UE follows configuration of HARQ feedback enabled/disabled corresponding to the first SPS PDSCH after activation, 
FFS between Alt1 and Alt2
[Alt-1: UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process

Alt-2: UE follows the feedback-enabled/disabled configuration of the SPS PDSCH]


Table 1 RAN1 agreed RRC parameter for enabling SPS activation feedback
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific

	HARQ-feedbackEnablingforSPSactive-r17
	New
	HARQ-feedbackEnablingforSPSactive-r17
	If enabled, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of if HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation
Otherwise, UE follows configuration of HARQ feedback enabled/disabled corresponding to the first SPS PDSCH after activation
	BOOLEAN
	
	BWP
	UE-specific


SPS

According to existing agreements, feedback of deactivation of SPS is always enabled without configuration while feedback of SPS activation is configurable per SPS. Furthermore it can be observed from table 1 that  RAN1 has already agreed to configure the indication as in per BWP manner (i.e.all SPS configuration configured in the same BWP will have the same configuration). Considering to further discuss enhancement on disabling the feedback of SPS activation in a per SPS configuration granularity will impact the UCI multiplexing design and lead to additional burden on RAN1’s work load, therefore it is proposed to confirm RAN1’s agreements that the feedback of SPS activation is enabled per BWP by a one-bit boolean indication.
Observation 9: RAN1 has agreed to enable the SPS activation feedback per BWP, therefore re-discussing enabling SPS activation feedback per SPS configuration will increase undesired RAN1 work load since additional discussion on UCI design will be required while the gain is not obvious.

Proposal 4: SPS activation feedback is enabled per BWP (i.e., for all SPS configurations configured in the same BWP)  by one-bit Boolean indication as agreed in RAN1.
The remaining issues is how to handle the HARQ status of SPS transmission other than SPS (de)activation when HARQ feedback is enabled/disabled, and following are possible alternatives:

Alt1: HARQ feedback is disabled in per SPS configuration with explicit indication

Alt2: HARQ feedback is disabled in per SPS configuration and leave it to NW’s implementation to guarantee that all HARQ associated to the same HP has the same configuration

Alt3: HARQ feedback is disabled per HARQ process without further indication, i.e., UE follows the HP feedback configured for DG
Based on previous analysis alt1 will required additional RAN1 effort which is undesired since they might not have time to finish the discussion on time. As for alt2, it is pointed our in offline discussion summary [2] of last meeting that additional delay will be introduced if NW’s implementation is restricted to make sure HPs of the same SPS is configured with the same HP feedback status. The reason is that the number of SPS configuration can be support is large therefore NW might need to perform reconfiguration to update the HPs which in return will introduce unwanted delay.
Observation 10: Similar to SPS activation feedback disabling, introduce per SPS configuration will put extra burden on RAN1’s tight work load since UCI design will be impacted.
Observation 11: Restrict NW to guarantee the same HP feedback configuration for all HPs associated the the same SPS will introduce additional delay since NW might need to frequently reconfigure HP status due to the large SPS configuration can be supported .

The specs impact of alt3 is the least among three alternatives, but will it significantly degrade the performance. Different from alt1/2, while NW will still try it’s best to guarantee that most of the case LCHs of the same SPS can have the same HP feedback configuration, in alt3 for some cases following exceptions may happen:

Exception 1: LCHs doesn’t require feedback be mapped to HP with feedback;
Exception 2: LCHs requires feedback be mapped to HP without feedback;
For exception 1, UE might generate HPs unnecessarily however NW’s scheduling won’t be impacted since NW can simply ignore the feedback generated. For exception 2, there could be two outcomes, one is that UE fails to receive the transmission then regardless the feedback is received or not NW anyway will need to schedule a retransmission. The other is that UE successfully received SPS transmission while since no feedback is received NW will schedule unnecessary retransmissions which leads to resource waste, but in any case the transmission delay is won’t be further increased.
Observation 12: Disabling SPS HARQ feedback per HARQ process without further indication (i.e., UE follows the HP feedback configured for DG) might lead to wast of retransmission resource in some case but won’t introduce additional transmission delay. Also it has least specs impact.
With joint consideration on both RAN1 and RAN2 impact, it is preferred to choose alt3 to handle the HARQ feedback configuration for SPS other than SPS (de)activation.
Proposal 5: Except for SPS (de)activation, the HARQ feedback status of HPs associated to SPS follows the HARQ feedback indication configured for dynamic grant.
Configured Grant

It has been agreed that for UL HARQ states A/B in optionally configured per HP, which is used to assist LCP procedure as well as to help adjust DRX behaviors. According the subclause 5.7 TS38.321[5], NW can strictly guarantee the the mapping between LCH and intended CG by proper configuration of allowedCG-List, therefore the new restrictions is unnecessary.

Observation 13: allowedCG-List can be used to strictly guarantee to mapping between CG and LCH,there is no need to apply new LCP.

Proposal 6: New LCP restriction defined is not applied to CG.
It can be observed that configuration of HP states for CG is not needed from the LCP perspective. Then what’s required further discussion is if HP states are needed for CG for the consideration of DRX adjustment. According to current specs, for CG the drx-HARQ-RTT-TimerUL will started after transmission of configured grant, and after expire of drx-HARQ-RTT-TimerUL, drx-RetransmissionTimerUL will be started to allow monitoring of retransmission grant. 

Observation 14: According to current specs drx-HARQ-RTT-TimerUL will started after each CG transmission and drx-RetransmissionTimerUL will be started upon expiry of drx-HARQ-RTT-TimerUL to allow scheduling retransmission.
As summarized in subclause 5.1 in [2], by proper configuration configureGrantTimer configuration and expected transmission strategies is given as below:
Case 1: CG not configured with configureGrantTimer, it is assumed the same HP can be reused for new transmission.
Case 2: CG configured with configureGrantTimer with value smaller than RTT, it is possible NW will schedule blind retransmission without waiting previous decoding results.
Case 3: CG (configured with configureGrantTimer larger than RTT) or (not configured with configureGrantTimer but the periodicity is larger than RTT), it is possible NW would like to wait for decoding results of the same HP before scheduling the retransmission
Observation 15: By proper configuration of configureGrantTimer as well as periodicity of CG with consideration of RTTs, NW can flexibly schedule any (re)transmission scheme it wants for the same HP, e.g., no retransmission, blind retransmission or legacy retransmission.
Assuming existing DRX behavior applies, then :

For case 1, the new transmission can be supported with existing DRX behavior.

For case 2, the scheduling behavior is already allowed by existing DRX behavior.
For case 3, the existing retransmissionTimer +drx-HARQ-RTT-Timer length might not always be able the cover all scenarios, additional delay might caused if there are not other reasons to keep UE in active time. But considering that service based on decoding results normally has lower requirement on delay thus extra delay is acceptable.

Observation 16: If no states are configured for CG then the flexible scheduling of different transmission schemes can also be support with additional delays for transmission based on decoding results in some cases. But the delay shall be acceptable considering delay requirement is lower in such cases.
Assuming HARQ states are configured per CG, e.g., state A is configured for CG with configureGrantTimer while state B is configured without configureGrantTimer:

For case 1, the new transmission can be supported with DRX behavior linked with state A (not started).

For case 2, since drx-RTT-TimerUL is offseted with UE-gNB RTT, then additional delay might be introduced if the periodicity is smaller than UE-gNB RTT, since UE will miss the next available HP due to the extended drx-HARQ-RTT-TimerUL. Since blind retransmission normally used for service with requirement on both reliability and delay, the extra delay might lead to degrade of performance instead.
For case 3, the retransmission schemes can be supported with DRX configuration linked with state B (start of drx-HARQ-RTT-TimerUL is offseted iwth UE-gNB RTT).

Observation 17: Configuring CG with certain UL HARQ states (e.g., state A for CG with configureGrantTimer while state B for CG without configureGrantTimer) might lead to extra delay when blind retransmission is expected, which might instead degrade performance since service scheduled with blind retransmission normally has requirement on both reliability and delay.
Based on above analysis the gain can be provided by linking CG with a UL HARQ state is not obvious but instead will lead to extra implementation and specs impact, therefore it is proposed not to configure CG with any HP states, i.e., for HP associated with CG UE ignore the UL HARQ states if configured.

Observation 18: The gain can be provided by linking CG with a UL HARQ state is not obvious but instead will lead to extra implementation and specs impact.
Proposal 7: UL HP states are not applied in CG, i.e., for HPs associated with CG UE ignore the UL HARQ states if configured.
Conclusion and proposals

Based on above analysis, we have the following proposals: 

CG timer extension

Observation 1: Current specs allow flexible configuration of the configureGrantTimer (including not configure at all) to fit with different scheduling strategies, e.g., configureGrantTimer with value smaller than RTT can be used for blind retransmission.

Observation 2: To automatically increase configureGrantTimer with UE-gNB RTT will limit NW’s scheduling flexibility since the configureGrantTimer will always larger than one RTT which makes it impossible for NW to schedule retransmission for the same CG blindly.

Observation 3: To automatically increase configureGrantTimer with UE-gNB RTT will increase NW’s implementation since NW will need to continuously to monitor the updates of UE-gNB RTT to deduce the configureGrantTimer length applied.

Observation 4: Considering the worst case scenarios where periodicity is 2 symbols, the additional required bits for continuous extension of configureGrantTimer would be 15 bits, which is relatively large.
Proposal 1: ConfiguredGrantTimer is extended with selective number of values to cover the worst case scenarios. The detailed values can be further discussed.

DRX timer adaption

drx-RetransmissionTimerDL
Observation 5: DRX is used to UE’s PDCCH monitoring behavior which means as long as one HARQ can keep UE in active UE will still monitor PDCCH and act on it if received any.
Observation 6: (Re)tart drx-RetransmissionTimerDL to allow blind-retransmission grant still increase UE’s monitoring time which might not have much gain on power saving than relaying on existing behavior especially considering there could be many reasons that can keep UE in active state, also it will have more specs impact.

Proposal 2: No adaption on drx-RetransmissionTimerDL is needed.
drx-RetransmissionTimerUL

Observation 7: As explained in observation 5 there are more reasons other than inactityTimer that can keep UE in active, therefore there are plenty of chances for NW to schedule retransmission properly based on UE’s state and service requirement.
Observation 8: Always start drx-RetransmissionTimerUL when state B is configured could increase power consumption unnecessarily since there might not be any retransmssion expected at all. 

Proposal 3: No adaption on drx-RetransmissionTimerUL is needed.
HARQ configuration for SPS/CG

SPS

Observation 9: RAN1 has agreed to enable the SPS activation feedback per BWP, therefore re-discussing enabling SPS activation feedback per SPS configuration will increase undesired RAN1 work load since additional discussion on UCI design will be required while the gain is not obvious.

Observation 10: Similar to SPS activation feedback disabling, introduce per SPS configuration will put extra burden on RAN1’s tight work load since UCI design will be impacted.
Observation 11: Restrict NW to guarantee the same HP feedback configuration for all HPs associated the the same SPS will introduce additional delay since NW might need to frequently reconfigure HP status due to the large SPS configuration can be supported .

Observation 12: Disabling SPS HARQ feedback per HARQ process without further indication (i.e., UE follows the HP feedback configured for DG) might lead to wast of retransmission resource in some case but won’t introduce additional transmission delay. Also it has least specs impact.
Proposal 4: SPS activation feedback is enabled per BWP (i.e., for all SPS configurations configured in the same BWP) by one-bit Boolean indication as agreed in RAN1.
Proposal 5: Except for SPS (de)activation, the HARQ feedback status of HPs associated to SPS follows the HARQ feedback indication configured for dynamic grant.
Configure Grant

Observation 13: allowedCG-List can be used to strictly guarantee to mapping between CG and LCH,there is no need to apply new LCP.

Observation 14: According to current specs drx-HARQ-RTT-TimerUL will started after each CG transmission and drx-RetransmissionTimerUL will be started upon expiry of drx-HARQ-RTT-TimerUL to allow scheduling retransmission.
Observation 15: By proper configuration of configureGrantTimer as well as periodicity of CG with consideration of RTTs, NW can flexibly schedule any (re)transmission scheme it wants for the same HP, e.g., no retransmission, blind retransmission or legacy retransmission.
Observation 16: If no states are configured for CG then the flexible scheduling of different transmission schemes can also be support with additional delays for transmission based on decoding results in some cases. But the delay shall be acceptable considering delay requirement is lower in such cases.
Observation 17: Configuring CG with certain UL HARQ states (e.g., state A for CG with configureGrantTimer while state B for CG without configureGrantTimer) might lead to extra delay when blind retransmission is expected, which might instead degrade performance since service scheduled with blind retransmission normally has requirement on both reliability and delay.

Observation 18: The gain can be provided by linking CG with a UL HARQ state is not obvious but instead will lead to extra implementation and specs impact.

Proposal 6: New LCP restriction defined in NTN is not applied to CG.
Proposal 7: UL HARQ states are not applied in CG, i.e., for HPs associated with CG UE ignores the UL HARQ states if configured.
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