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Introduction
A new work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#86 [1]. In RAN1#105-e, the following agreements were made.
	Agreement:
If a UE is provided with a K_mac value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot , where µ is the SCS configuration for the PUCCH.
Note: Here K_mac is assumed to have the unit of the PUCCH slot. This can be revisited after the K_mac signaling design is finalized. 


Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by NTA=NTA+NTA,UE-specific+NTA,common+NTA,offset×Tc. The estimate of gNB-satellite RTT is equal to the sum of  and K_mac. How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.


Agreement:
The K_offset value signaled in system information is always used for
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
· The transmission timing of Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
FFS: how to treat additional transmission timings related to fallback DCI formats 
FFS: how to update this formulation with beam-specific K_offset if beam-specific K_offset is agreed to be supported


In this contribution, we continue to discuss the timing relationship enhancements for NTN.


Discussions
Koffset update
In RAN1#104b-e, the following was agreed.
Agreement:
For updating K_offset after initial access, at least one of the following options is supported:
· Option 1: RRC reconfiguration
· Option 2: MAC CE
FFS: Other options

Different solutions and options on how to update and indicate K_offset t after initial access have been discussed in the previous meetings. Even though using RRC configuration could be the simplest solution to update K_offset after initial access procedure, it has a drawback in that there could be some ambiguity duration between gNB and UE. In order to remove the ambiguity, MAC can indicate one of the multiple values configured by the gNB. Also, it is not necessary to indicate two offset values.
[bookmark: _Ref67993735][bookmark: _Ref71046053][bookmark: _Ref78214639]Proposal 1: The update of K_offset value after initial access is done by the combination of RRC configuration and MAC CE. MAC indicates only one of the multiple values configured by the gNB.
The configuration of K_offset value with two values makes the configuration more complicated unnecessarily. Configuring only one value for K_offset is enough.
[bookmark: _Ref78214642]Proposal 2: Configure only a single value for K_offset.

Reporting of UE estimated TA
If a UE applies a UE-specific TA in transmitting the PRACH, rather than simply applying a common TA indicated by the network, the gNB cannot know the full TA value applied at the UE based on the estimated preamble reception timing. To update a UE-specific K_offset, the network should know the full TA value applied at the UE. In order to make sure the time applied with the reported TA, the UE reports its TA value by MAC CE to the gNB.

[bookmark: _Ref78214644]Proposal 3: UE’s estimated TA value is reported to gNB by MAC CE.


Configuration of Koffset 
For configuration of Koffset, there are following candidates:
· Cell specific Koffset, which can be derived based on the maximum full TA within one cell.
· Beam specific Koffset, which can be derived based on the maximum full TA within one beam footprint.
· Beam-group specific Koffset, which can be derived based on the maximum full TA within one group of neighboring beam footprints
· UE specific Koffset, which can be derived based on UE specific full TA
Considering different scenarios and deployments, more than one of above configurations can be supported, and using which one can be dependent on gNB configuration. For example, for a small cell range wherein the TA variation range is small, cell specific Koffset is preferred. For a large cell range consisting of multiple small beam footprints, beam specific Koffset or beam-group specific Koffset is preferred. For a large beam footprint wherein the TA variation range is large, UE specific Koffset is preferred. Therefore, above configurations are suitable for different scenarios, and more than one configurations can be specified. 
For initial access it has been already agreed that at least a cell-specific K_offset configuration should be supported. The K_offset for initial access should be selected conservatively to fulfill the worst case scenario, i.e. greater than the largest RTT in a cell. This assures all UEs in the cell are covered properly by the worst case scenario. Having the beam-specific option could increase the flexibility of the initial access in terms of timing, however, it is achieved at the expense of additional signaling overhead.
[bookmark: _Ref78963448]Proposal 4: Only Cell-specific K_offset in initial access is supported.
[bookmark: _Ref54332809]Proposal 5: More than one of above Koffset configurations can be supported, and using which one is dependent on gNB configuration. 


Timing for configured grant scheduled PUSCH
3GPP has specifies two categories of Configured Grant: 1) Configured Grant Type 1; and 2) Configured Grant Type 2.
Configured Grant Type 1
When using Configured Grant Type 1, a transmission occasion starts when the following equation is satisfied:
	[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
 (timeReferenceSFN-r16 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).
	(1)


where timeDomainOffset and periodicity are both specified within the ConfiguredGrantConfig parameter structure. S corresponds to the starting symbol deducted from the timeDomainAllocation IE. N ≥ 0 is an integer corresponding to the Nth transmission occasion. As seen in Figure 1, gNB should configure UE such that the first transmission occasion (N = 0) happens after arrival of slot n at UE, i.e. the configured symbol for N = 0 transmission in equation (1) should happen in time in an amount of greater than or equal to TA after the current slot n. This can be done using two options:
1) Add Koffset to equation (1), where Koffset is greater than or equal TA.  Note that in the other timing relationships discussed earlier, it is expected that the value of Koffset there is selected equal to TA. So the Koffset for configured grant could be the same value.  Of course to introduce it to equation (1) it has to be converted to symbol duration, i.e. Koffset × numberOfSymbolsPerSlot should be added to equation (1).
2) Since in Rel-16 a new optional parameter namely timeReferenceSFN-r16 was introduced in ConfiguredGrantConfig IE, the value of Koffset can be implicitly included in this parameter by gNB. 



[bookmark: _Ref53762321]Figure 1. Configured grant Type 1 timing

For other timing relationships for NTN a value for Koffset is being defined and hence Option 1 above will be practical and feasible.  However, Option 2 offers more flexibility and it leaves it to the Network to manage the timing with more freedom.    
 
[bookmark: _Ref54332811]Proposal 6: The timing relationship for Configured Grant Type 1 should be left to Network implementation. 


HARQ timing indicator field
In RAN1#104-e, the following was agreed.
Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
For Rel-15/16, depending on how many values for k are configured, PDSCH-to-HARQ_feedback timing indicator field in a DCI format could have up to 3 bits. This can provide a flexibility of the timing indication to the gNB. Even though the range of the K1 value is extended, there is no reason to increase the size of PDSCH-to-HARQ_feedback timing indicator field in a DCI format which should result in the performance degradation of DCI decoding. 
[bookmark: _Ref67993739]Proposal 7: Do not change the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.


Conclusions 
In this contribution, we discussed the timing relationship enhancements for NTN. Our proposals are summarized as below.
Proposal 1: The update of K_offset value after initial access is done by the combination of RRC configuration and MAC CE. MAC indicates only one of the multiple values configured by the gNB.
Proposal 2: Configure only a single value for K_offset.
Proposal 3: UE’s estimated TA value is reported to gNB by MAC CE.
Proposal 4: Only Cell-specific K_offset in initial access is supported.
Proposal 5: More than one of above Koffset configurations can be supported, and using which one is dependent on gNB configuration.
Proposal 6: The timing relationship for Configured Grant Type 1 should be left to Network implementation.
Proposal 7: Do not change the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
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