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Introduction
The outcome during the study item on “Study on Solutions for NR to Support Non-Terrestrial Networks” was summarized in [3]. The work item of “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN meeting #86 [1] and updated in the past RAN meeting #88e meeting [2]. As addressed in [2], the work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
The following aspects are listed as potential solutions in NTN to handle the issues caused by long propagation delays, large Doppler effects, and moving cells:
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In this contribution, we will discuss possible enhancements about the timing relationship impacts in NTN.
Discussion
According to [3], a UE may need to apply a large TA value that leads to a large offset in its DL and UL frame timing. Various NR physical layer timing relationships need to be enhanced to cope with the large offset. As a feasible solution, an offset  should be applied to modify the relevant timing relationships between each kind of DL-UL timing interaction from terrestrial network to non-terrestrial network.
The timing relationships that need to be enhanced with  considered are listed in the Table 1 below. Each timing interaction in the terrestrial network in NR Rel.15/Rel.16 system and the corresponding enhancements in NTN is compared.
[bookmark: _Ref47514770]
Table 1  DL-UL timing interaction enhancements in NR to support NTN
	
	Terrestrial network
	Non-terrestrial network

	DCI→PUSCH
	Slot  → Slot  
	Slot  → Slot 

	RAR grant→PUSCH
	Slot  → Slot 
	Slot  → Slot 

	PDSCH→ HARQ-ACK
	Slot  → Slot 
	Slot  → Slot 

	MAC CE action timing
	Slot  → Slot 
	Slot  → Slot 

	CSI reference resource
	Slot  → Slot ,
	Slot  → Slot 

	DCI→ A-SRS
	Slot  → Slot 
	Slot  → Slot 


It was agreed  may take different values for each of the identified timing relationships that need to be modified for NTN. The values of  can be per beam or per-cell. Furthermore, whether  is derived from broadcast information or is signaled by higher layers is to be determined. Besides the agreed DL-UL timing interaction, it is noticed that timing interaction enhancements are needed about slot format indication and timers relates to UL data transfer.
Slot format indication
According to [4], if UE detects DCI format 2_0 in slot #n, the SFI-index field value in the DCI format 2_0 indicates the slot format for a number of slots which starts from slot #n. For terrestrial network, the propagation delays are usually less than 1 ms and it is possible for UE to operate corresponding transmission, reception, measurement, and etc from the current slot where the slot configuration is detected. However, in NTN, situation is quite different due to the large delay experienced by the PDCCH transmission. This is illustrated in the Fig. 1 below. gNB transmits the PDCCH with DCI format 2_0 from  in slot #n and the PDCCH arrives at the UE at the time  after some propagation delay. If the indication is the slot configuration for a number of slots which start from slot #n. The UE could not perform UL transmission in slot #n according to the indication since there would be a large TA for the UL transmission. The UL transmission could be at  time which is much earlier than the moment when the indication is received by the UE. As a result, the slot configuration would be invalid. For this issue, it is proposed that in NTN SFI-index field value in a DCI format 2_0 indicates slot format for a number of slots starting from the slot which at least  slots after the UE detects the DCI format 2_0. The length of  slots should be no less than the time period of TA. 
Proposal 1: In NTN, SFI-index field value in a DCI format 2_0 indicates slot format for a number of slots starting from the slot which is at least  slots after the UE detects the DCI format 2_0.


[bookmark: _Ref47474994]Fig. 1  slot configuration indication with DCI format 2_0
Timers relates to UL data transfer
Another thing about timing interaction in NTN is the running and expiring of MAC timers which relate to UL data transfer, such as sr-ProhibitTimer, periodicBSR-Timer, retxBSR-Timer, phr-PeriodicTimer, phr-ProhibitTimer and configuredGrantTimer. Take the sr-ProhibitTimer as an example. RRC configures the parameter sr-ProhibitTimer and sr-TransMax for each SR configuration. According to the section 5.4.4 in [5], the UE instruct the physical layer to signal the SR on one valid PUCCH resource for SR. At the same time, increment SR_COUNTER by 1 and start the sr-ProhibitTimer. When sr-ProhibitTimer is running and not expired, the UE waits for UL scheduling for it. UE retransmit SR if sr-ProhibitTimer is expired and SR_COUNTER is no more than the configured sr-TransMax. Due to the long propagation delay, the moment when the gNB thinks the sr-ProhibitTimer is expired and the moment when the timer is expired at the UE side may be different. This is illustrated in the Fig.2. At the UE side, PUCCH with SR is transmitted at  time and the sr-ProhibitTimer starts. The PUCCH reaches gNB after a long propagation delay. Since UL grant from the gNB to the UE would also experience the long propagation delay, gNB has to send the UL grant no later than  time which is one trip delay before  time when the sr-ProhibitTimer expires. Otherwise, the UE may think it’s UL transmission is not served before sr-ProhibitTimer is expired and additional SR transmission would be triggered. Similar situation would be experienced in other procedures of UL data transfer related timers, periodicBSR-Timer, retxBSR-Timer, phr-PeriodicTimer, phr-ProhibitTimer and configuredGrantTimer.


Fig. 2  slot configuration indication with DCI format 2_0
Considering to have unique solution with other timing interaction issues, it is proposed for the UE to start sr-ProhibitTimer  slots after the UE transmits SR on one valid PUCCH resource.
Proposal 2: In NTN, UE starts sr-ProhibitTimer  slots after the UE transmits SR on one valid PUCCH resource.
The value of  is used to compensate the large propagation between network and the UE which is UE-specific. Considering the value of timing advance corresponds to the propagation delay and has consistent understanding at the network side and at the UE side, it is proposed to consider the value of  corresponds to the value of timing advance.
Proposal 3: To consider the value of  be UE-specific and corresponds to the value of timing advance to modify the relevant timing relationships between each kind of DL-UL timing interaction.
Some of the DL-UL timing interaction is indicated within predefined values. For example, the value of  is used to indicate the timing relationship between PDSCH and the corresponding HARQ-ACK and could be one of the preconfigured 8 values in the range of 0~15. The value of  is used to indicate the timing relationship between PDCCH and the scheduled PUSCH, and could be one value from 16 predefined values in the range of 0~32.
Considering possible TDD use cases with more contiguous DL slots in the HAPS, ATG scenarios, the current ranges for / would be not sufficient to support PDSCH/UL grant transmission in the earlier DL slots of the contiguous DL slots because the timing gap between the earlier DL slots and corresponding UL slot for corresponding HARQ-ACK/PUSCH is more than the largest value supported by /. As a result, only later DL slots of the contiguous DL slots could be used to transmit PDSCH/UL grant due to the restriction of / value. This would make the system inefficient.
Extending more predefined values for / could make the scheduling more flexible and efficient while the bit width of the corresponding indication in the DCI would also be more than before. To avoid larger DCI bit width, some predefined rules could be considered. Potential solutions are as the following.
· Option 1: Some predefined value of / corresponds to certain UL slots, and other / values each corresponds to one value from the predefined values. For example, the certain UL slots is the first UL slot after the contiguous DL slots. The earlier DL slots of the contiguous DL slots could use the predefined value to support PDSCH/UL grant transmission with the linked UL transmission in the certain UL slot. Then, it is possible to keep the bit width for DL-UL timing indication as before.
· Option 2: The value of / is used to indicate DL-UL timing which DL corresponds to the last DL slot of the contiguous DL slots. Instead of indicating the timing gap between the DL Slot with PDSCH/UL grant, the predefined values for /could be reused and the bit width for DL-UL timing indication could be unchanged.
· Option 3: The contiguous DL slots are divided into two groups. The DL slots in the each group corresponds different predefined values of /. With the group index corresponds to different predefined values of /, the bit width for DL-UL timing indication could be as before. 
Proposal 4: To enhance the DL-UL timing indication with more contiguous DL slots in TDD system. 
Conclusion
In this contribution, we discussed possible enhancements about the timing relationship to support NTN. The following proposals are reached:
Proposal 1: In NTN, SFI-index field value in a DCI format 2_0 indicates slot format for a number of slots starting from the slot which is at least  slots after the UE detects the DCI format 2_0.
Proposal 2: In NTN, UE starts sr-ProhibitTimer  slots after the UE transmits SR on one valid PUCCH resource.
Proposal 3: To consider the value of  be UE-specific and corresponds to the value of timing advance to modify the relevant timing relationships between each kind of DL-UL timing interaction.
Proposal 4: To enhance the DL-UL timing indication with more contiguous DL slots in TDD system.  
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